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ABSTRACT 
0 

Volume I11 of this postfire report deals with the insulation 
component of the RSRM. The report is released twice for each flight set. 
The interim release is expected on or before 45 days after the last field 
joint or nozzle to case joint is disassembled at KSC and contains the 
results of the KSC visual evaluation. The data contained in the Volume 
I11 interim release supersedes the insulation data presented in the KSC 
10 day report. The final release is expected on or before 45 days after 
the last factory joint is disassembled at the Clearfield H-7 facility and 
contains the results of all visual evaluations and a thermal (material 
decomposition) safety factor analysis. The data contained in the Volume 
I11 final release supersedes the interim release and the insulation data 
presented in the Clearfield 10 day report. 
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I .  o INTRODUC'~?ION 
Space Transportation System (STS)-27 was launched from KSC pad 39B 

on 2 December 1988. Two of the Redesigned Solid Rocket Motors (RSRM) 
were part of the launch system and were designated RSRM-2A (360L002A) and 
RSRM-2B (360L002B). Both motors incorporated the redesigned case field 
joint and nozzle to case joint as shown on Figure 1. Following booster 
separation and splashdown, the motors were recovered and returned to 
Hangar AF for disassembly and inspection. 

Following the inspection at Hanger AF, the segments were returned to 
the Morton Thiokol Refurbishment H-7 facility at Clearfield. There, the 
insulation thicknesses were measured and the factory joints were 
disassembled. The documentation of these inspections and the performance 
evaluation (material decomposition safety factor analysis) have been 
added to this final release of the report. 

In an attempt to standardize and document the evaluation of flight 
RSRM's, a Postflight Engineering Evaluation Plan (PEEP) has been written 
(Reference 1). The PEEP outlines the basic evaluations to be performed 
at KSC Hangar AF. Appropriate procedures contained in this plan were 
used to evaluate the internal and external insulation. An addendum to 
the PEEP was written which outlines additional evaluations to be 
performed on the RSRM-2A and RSRM-2B motors to assess conditions 
documented on prefire discrepancy reports (Reference 2). The intent of 
these procedures is to insure that all pertinent evaluation points are 
examined and documented in a consistent and complete manner. 

WOE 

2.0 OBJECTIVE 
The objective of this postflight evaluation report is to document 

the postfire condition of the internal and external insulation and 
evaluate the thermal (material decomposition) safety factors of the 
RSRH-2A and RSRM-2B internal insulation. An additional objective of this 
document is to discuss the Insulation Component Program Team assessment 
of the observations. 

A REVISION - 



CORPORATION 
SPACE OPERATIONS 

3.0 SUMMARY 
A summary of the RSRM-2A and RSRM-2B external and internal 

insulation condition is found below. A detailed description of the 
results can be found in Sections 6.0 through 9.0. 

3.1 EXTERNAL INSULATION 
3.1.1 Factory Joint Weatherseals 

The factory joint weatherseals and exterior motor cases appeared to 
be in good condition. However, moisture was found under the weatherseal 
on both forward center segment factory joints and the RSRM-2A aft dome 
factory joint. The water appeared to have entered the weatherseal at the 
locations where DFI instrumentation wires or insulation cure thermocouple 
wires were routed between the weatherseal and the case. The weatherseals 
were very well bonded in all other areas. The closeout of the wire exit 
locations is being re-evaluated to eliminate problems on future flights. 
No significant areas of missing EPDM insulation or edge separations were 
noted on any factory joint weatherseal. 

3.1.2 Stiffener Stubs and Rings 
The insulation over the stiffener stubs and rings was in good 

condition. Normal heat effect and discoloration were evident on all 
surfaces, with no significant areas of missing material. The EPDM was 
well bonded to the stiffener stubs and appeared to be well bonded to the 
stiffener rings. However, after the rings were removed from the case, 
separations were noted between the insulation and stiffener rings on 
approximately one third of the eighteen ring segments. The separations 
were all located on the circumferential ends of the ring segments with no 
isolated separations. The largest separation measured up to 47.0 inches 
in length. Pieces of KSNA ablation compound were found under the EPDM as 
much as 15 inches from the end of the ring segment. This tends to 
indicate that the separations are at least aggravated, if not caused, by 
hydrolasing. 

REVISION A- DOC NO. TWR-17541 I WL I11 
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3.2 NOZZLE T6 CASE JOINT 
Based on the visual evaluation, both nozzle to case joints performed 

exceptionally. No gas paths through the polysulfide adhesive or any 
other anomalous conditions were identified. The polysulfide adhesive had 
only two measurable voids on the RSRM-2A joint and no voids on the 
RSRM-2B joint. The largest void was 0.80 inch axially by 0.25 inch 
circumferentially. Both joints had good cohesive failure of the 
polysulfide and only very slight porosity in the step region. The 
average polysulfide vent slot fill was 14% on RSRM-2A and 62% on RSRM-2B. 

F'AQE 

3.3 FIELD JOINTS 
The internal insulation in all six of the case field joints 

performed as designed, and no anomalous conditions were identified. 
J-leg tip contact was evident over the full circumference at each joint. 
The forward field joints were heat affected slightly more than seen on 
the RSRM static test motors. Soot deposits extending down the bondline 
were noted on the aft RSRM-2A field joint and all RSRM-2B field joints. 
The most extreme condition was on the RSRM-2B center field joint with 
soot extending a maximum of 1.0 inch into the bondline (outboard from the 
remaining material). The initial appearance of these areas could have 
been construed to be chamber gas leakage into the joint bondline, but the 
soot was readily removable with solvent. Sooting was noted further into 
the bondline on the RSRM-1 forward field joints and extended to the 
radius region. This sooting is believed to have occurred at splashdown 
during joint flexing in conjunction with the phenomena which generates 
the radial tears in the NBR inhibitor stubs. 

The deepest clevis edge separation had an apparent depth of 1.04 
inches on the RSRH-2B aft segment. Clevis edge separations appeared to 
grow axially in all six segments. The maximum axial growth identified 
was 0.93 inch, also on the RSRM-2B aft segment. The deepest tang edge 
separation was 0.35 inch deep on the RSRM-2A aft center segment. The 
maximum axial growth identified was 0.18 inch on the RSRM-2A forward 
segment . 

REVISION A- 
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3 . 4  IGNITER TO CASE JOINTS 
The igniter boss insulation was in excellent condition, with normal 

erosion and no edge separations evident. Both RSRM-2A and RSRM-2B had 
minor insulation flashing at the igniter boss. 

3.5 INTERNAL ACREAGE INSULATION 
The acreage insulation, including the internal insulation over each 

of the factory joints, appeared in good condition during the preliminary 
evaluation. No evidence of gas paths through the insulation or severe 
erosion was identified. 

3.5.1 Aft Segments 
No severe conditions were noted in the aft segments. Both NBR 

inhibitors had areas of uneven, jagged erosion, but the remaining 
inhibitor heights were within the expected tolerance band and there were 
no inhibitor tears greater than 3 inches in length. The acreage 
insulation was in normal condition, with no areas of excessive erosion. 

3.5.2 Center Segments 
A few tears greater than 3 inches radially were noted in the aft 

center segment inhibitor stubs (three on RSRM-2A and two on RSRM-2B). 
Some radial tears were also noted in the forward center segment NBR 
inhibitor stubs (eight on RSRM-2A and five on RSRM-2B). The largest tear 
measured 14.5 inches radially, but most of the tears ranged from 4.0 to 
6.0 inches radially. One of the tears extended radially outward to 
approximately The radial extent 
and frequency of the tears identified in the inhibitor stubs are within 
the range of tears noted on past flight motors. The edges of the tears 
appeared rough and could be placed together demonstrating no material 
loss or erosion. This indicates that the tears occurred after motor 
burn. 

9.5 inches inboard from the clevis I.D. 
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3.5.3 Forward Segments 
The stress relief flap was present for the full circumference on 

both forward segments but was severely heat affected. Up to half the 
flap length was eroded for part of the circumference. The castable 
inhibitors were completely missing full circumference. No axial tears 
were identified on the remaining flap unlike RSRM-1 which had numerous 
flap tears. 

3.6 FACTORY JOINTS 

All the factory joints were in good condition. No abnormal erosion 
or gas paths were noted. Remaining Teflon tape was visible in all joints 
as well as normal intermittent NBR flashing on the inner clevis leg. 
Some of the joints had minor ply separations in the NBR insulation, but 
they did not affect the performance of the joint. 

3.7 INSULATION THERMAL PERFORMANCE 
No unacceptable conditions were found in the thermal (material 

decomposition) safety factor evaluation of the nozzle to case joints, 
field joints, factory joints, and case wall acreage areas. A summary of 
minimum safety factors can be found in Tables 1 through 3. 

A total of three locations in RSRM-2A and and twelve locations in 
RSRM-2B had apparently violated the compliance thermal safety factor 
requirements. An analysis of the insulation surface conditions, 
surrounding prefire and postfire data, and visual inspections indicated 
that the prefire measurements were inaccurate. Insulation Design has 
determined that the apparent safety factor violations are due to 
erroneous data and are not actual violations (see Sections 7.0 and 9.0). 

4.0 CONCLUSIONS 
During the KSC evaluation, Squawk forms were generated to report and 

track observations which violated the Postfire Engineering Evaluation 
Limits (Reference 3). The Squawks were reviewed by the SRB/SRM 
Postflight Assessment Team, and some of the Squawks were elevated to 
PR’s. The PR‘s and Squawks are contained in Reference 4. 
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All obse‘rvations presented in this document were reviewed by the 
Insulation Component Program Team to determine which observations were 
potential anomalies. The observations documented on PR’s and Squawks 
were automatically termed potential anomalies. The Insulation Component 
Program Team then classified each of the potential anomalies as 
‘critical‘, ‘major’, or ‘minor‘ anomaly or ‘remains observation’ as 
defined per the Table 4 Redesign Program Review Board (RPRB) criteria. 

PAGE 

4.1 KSC EVALUATION CLASSIFICATIONS 
The Insulation Component Program Team identified two conditions 

observed at KSC which were considered potential anomalies: 

’MINOR ANOMALY’ 

1. Moisture was found under the factory joint weatherseals on both 
forward center segment factory joints.and the RSRM-2A aft dome 
factory joint. The water penetrated the weatherseal at the 
location where instrumentation and thermocouple wires are routed 
between the weatherseal and the case. The following PR’s were 
written against this condition: 

PR PV6-116194 (Squawk I.D. Number 27-0004) - RSRM-2A forward 
center segment 
PR PV6-116195 (Squawk I.D. number 27-0003) - RSRM-2B forward 
center segment 

The condition required corrective action but occurred at 
splashdown and was not a flight safety issue, so i t  was not a 
constraint for the next launch. It involved a hardware reuse 
issue only; therefore, the moisture under the weatherseal was 
classified as a ‘minor anomaly‘. A Postfire Anomaly Record 
(PFAR) was required for this observation. 

’REMAINS OBSERVATION‘ 

2. 

REVISION A 

Insulation to stiffener ring separations. 
was written against this condition: 

The following Squawk 

Squawk I.D. number 27-0032 - RSRM-2 insulated stiffener 
rings 

The evidence suggested that the separations were caused by 
hydrolasing and did not occur before or during flight; 
therefore, the insulation to stiffener ring separations were 
classified as ‘remains observation.‘ 
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The Insflation Component Program Team presented their assessment of 
the KSC observations shown in this document to the Engineering Management 
Team (EMT) on 16 January 1989 and to the RPRB on 25 January 1989. The 
EMT and the RPRB accepted the insulation team's classifications as 
presented. 

WOE 

4.2 H-7 EVALUATION CLASSIFICATIONS 
The Insulation Component Program Team identified two conditions 

observed at Clearfield H-7 which were considered potential anomalies: 

'MINOR ANOMALY' 

1. An insulation to case clevis edge separation on the RSRM-2B aft 
segment measured 1.042 inches axially deep and 1.022 inches 
circumferentially wide at 92O. 
noted at this location at KSC. Therefore, the edge separation 
either opened up during transport from KSC to H-7 Clearfield, or 
the H-7 Clearfield data was incorrect. The insulation was 
washed out of the segment before Insulation Design received the 
data, so i t  was not possible to verify the edge separation. 
This condition was classified as a minor anomaly even though the 
accuracy of the measurement was doubtful, because the apparent 
edge separation was quite large. 

There was no edge separation 

'REMAINS OBSERVATION' 

2. Three locations within RSRM-2A and twelve locations within 
RSRM-2B had apparently violated the minimum safety factor 
requirement. Since Insulation Design believes that these were 
due to erroneous data, the observation was classified as 
'remains observation'. 

The Insulation Component Program Team presented their assessment of 
the Clearfield H-7 observations to the RPRB on 19 July 1989. The RPRB 
did not accept the team's recommendation. The RPRB directed that the 
team return with further clarification of both potential anomalies and 
the corrective action for each. 

Item 1 above was present to the RPRB on 4 October 1989 with a set of 
background data on edge separations. The RPRB accepted the Insulation 
team's classification. 

REVISION A- 



CORPORATfON 
SPACE OPERATfONS 

SEC 

Item 2 Gas presented to the RPRB on 6 September 1989 along with a 
presentation on the insulation measurement processs. The RPRB accepted 
the Insulation team’s classification. 
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5.0 RECOMMENDATIONS 
The following recommendations are based on the results of the RSRM-2 

postflight inspection: 

5.1 KSC EVALUATION RECOMMENDATIONS 
1. The thermocouple wires should be deleted from the factory joint 

weatherseal layup to eliminate salt water intrusion paths into 
the factory joints. The thermocouples are used for insulation 
cure data only and are no longer considered necessary. 
wires will not exist under the weatherseal after RSRM-3 except 
for RSRM-4B aft center and aft segments. 

DFI 

2. Develop a closeout to seal the thermocouple and DFI wires until 
recommendation 1 can be implemented to prevent salt water 
intrusion into the factory joints. 

3. Perform a tap test on the RSRM-3 stiffener rings prior to 
hydrolasing to detect any separations. 

5 . 2  H-7 EVALUATION RECOMMENDATIONS 
1. 

2. 

3 .  

Prefire insulation thickness measurements of subsequent motors 
need to be screened and all outlying data remeasured and 
verified or corrected to ensure that safety factor violations do 
not occur due to bad prefire data. 

Eliminate or move performance stations that have provided 
unreliable prefire insulation thickness data in the past in 
accordance with Reference 5. 

Ensure that data is received from Clearfield H-7 and evaluated 
before the segment insulation is washed out. 

6.0 RSRM-2A VISUAL EVALUATIONS 
The following paragraphs discuss the RSRM-2A evaluations performed 

at KSC and H-7. During the postflight evaluation, Insulation Design 
Engineers documented the condition of the external factory joint 
weatherseals, stiffener rings, stiffener stubs, nozzle to case joint, 
case field joints, factory joints, segment acreage insulation, NBR 
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inhibitors, and stress relief flap regions. A copy of this documentation 
for RSRM-2A can be found in Appendix A. The condition of the insulation 
components for each segment are discussed in the following subsections. 

6.1 RSRM-2A EXTERNAL INSULATION 
6.1.1 RSRM-2A External Factory Joint Weatherseals 

The factory joint weatherseal of each joint was visually inspected 
and the condition is recorded in Tables A-1 through A-7. No significant 
areas of missing EPDM insulation were noted on any factory joint 
weatherseal. Small areas of missing EPDM from debris impact were noted 
on the aft edge of three of the seven factory joints. The deepest area 
measured 1.0 inch circumferentially, 0.5 inch axially, and 0.20 inch deep 
on the RSRH-2A forward center segment. Only one small edge separation 
was noted. It was located on the forward edge of the RSRM-2A aft dome 
joint from 200'-230' with a maximum depth of 0.05 inch. The weatherseals 
on all three aft segment factory joints were slightly heat affected from 
220°-270'-320' due to the plume radiation from the adjacent solid rocket 
motor and shuttle main engines. The heaviest heat effect occurred at 
270'. This is a normal occurrence that had no effect on the performance 
of the weatherseals. 

Moisture was evident under the weatherseal on two of the factory 
joints. The forward center segment had water leaking from underneath the 
weatherseal at the locations where DFI instrumentation wires were routed 
between the weatherseal and the case. Sections of the weatherseal were 
removed from the forward center segment and the aft dome joint. A 
significant amount of water was evident under the forward center segment 
weatherseal, but only a very small amount of water was evident under the 
aft dome weatherseal. The water apparently penetrated the weatherseals 
only at DFI or insulation cure thermocouple wire locations because the 
weatherseals were very well bonded in all other areas. The closeout of 
the wire exit locations is being re-evaluated to eliminate problems on 
future flights. 
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6.1.2 RSRM-21 Stiffener Stubs and Rings 
The condition of the insulation over the stiffener stubs and rings 

is recorded in Tables A-8 through A-12. The insulation was in good 
condition with normal heat effect and discoloration on the forward 
stiffener stub and the three stiffener rings. The heaviest heat effect 
occurred from 220°-270°-320° due to the plume radiation from the adjacent 
solid rocket motor and shuttle main engines. This condition was also 
seen on the aft segment factory joint weatherseals. The K5NA, which was 
added to the outboard surface of the RSRM-2A forward stiffener stub to 
meet drawing thickness requirements, was pitted full circumference due to 
heat effects and debris impact. The heaviest effects were from 
220°-270°-320°. The aft face of the RSRM-2A center stiffener ring had a 
hairline crack in the K5NA from 12Oo-14O0. There was no damage evident 
on the EPDM or the stiffener ring in this area after the rings were 
removed from the case. 

The EPDM was well bonded to the stiffener stubs and appeared to be 
well bonded to the stiffener rings. However, after the rings were 
removed from the case and the ring segments from both motors were 
evaluated, separations were noted between the insulation and stiffener 
ring on approximately one third of the eighteen ring segments. The 
separations were all located on the ends of the ring segments with no 
isolated separations. The separations ranged in circumferential depth 
from 0.5 to 47.0 inches (Figure 2). The failure mode was primarily 
adhesive failure at the Chemlok 205 to steel interface. There was no 
heat effect or sooting underneath the insulation, but corrosion was 
evident in some locations. Pieces of KSNA ablation compound were found 
under the EPDH as much as 15 inches from the end of the ring segment. 
This tends to indicate that the separations are at least aggravated, if 
not caused, by hydrolasing. 

6.2 RSRM-2A NOZZLE TO CASE JOINT 

The nozzle to case joint insulation condition is recorded in Table 
A-13. The nozzle to case joint performed as expected with no polysulfide 
blowholes identified across the bondline. Two voids in the polysulfide 
adhesive were noted aft of the step region. Both voids were directly in 
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line with a vent slot and were caused by entrapped air in the adhesive 
during assembly. Neither of the voids extended across the entire 
bondline or were exposed to hot gas. The largest void was identified at 
309.6O and measured 0.80 inch axial by 0.25 inch maximum circumferential. 
The size and location of the noted voids are contained in Table A-13. 
Approximately five other very small voids were also noted around the 
circumference aft of the step. 

The failure mode of the polysulfide was approximately 80% cohesive 
within the polysulfide and 20% adhesive at the NBR to polysulfide 
interface. A very small amount of porosity was noted within the 
polysulfide bondline at the step region. The vent slots had a low 
percentage of polysulfide fill, showing an average fill of 14% with 
values ranging from 0% to 100% fill. 

The bondline around the circumference demonstrated erosion similar 
to that observed on RSRH static test motors. The polysulfide was 
decomposed further into the joint (approximately 6.18 inches from the aft 
face of the nozzle boss) than the flap erosion. For approximately 0.40 
inch further aft (5.78 inches from the aft face of the nozzle boss), the 
polysulfide was partially decomposed and bubbled. Although the material 
was partially decomposed, no gas flow had occurred in the adhesive 
bondline decomposed region. 

The insulation erosion in the joint region was similar to the 
condition of previous RSRM motors. The char layer on the CF/EPDM had 
swollen to the point that the postflight material thickness at the joint 
appeared to exceed the preflight material thickness by approximately 0.50 
to 0.75 inch. 

The NBR flap and baffle appeared to be in excellent shape with 
normal heat effect and erosion. There was an area of slight damage at 
252O approximately 9 inches wide circumferentially. The nozzle scraped 
this area during joint disassembly. 

WOE 
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clevis joint insulation were in excellent condition. The inboard 
surfaces of the joint insulation were normally charred with some heat 
affected areas outboard of the char layer. Measurements of the tang and 
clevis material char depths and heat affected depths are provided in 
Table A-14. 

The general appearance of the pressure sensitive adhesive was noted. 
Contact within the joint was based on the matted appearance and flat 
texture of the adhesive, and non-contact was based on the glossy 
appearance of the adhesive. The joint appeared to have made contact over 
the full circumference at the tip of the J-leg. The bondline contact was 
measured at O b ,  90°, 180°, and 2 7 0 O .  Based on these four measurements, 
the deflected J-leg appeared to have made contact from the tip of the 
J-leg to an average of 1.14 inches outboard of the material remaining 
(Figure 3). The minimum radial contact was 1.00 inch, and the maximum 
radial contact was 1.35 inches. 

No evidence of motor chamber pressure past the J-joint insulation 
was identified. No heat effect 
primary O-ring, or secondary 
foreign material, cracks, or 
insulation surfaces. 

Soot deposits extending 

or erosion of the capture feature O-ring, 
O-ring was identified. No evidence of 
crazing was identified on the joint 

down the bondline were identified from 
65'-80' on the clevis insulation. The maximum depth was 0.30 inch 
outboard of the remaining material. A similar condition was noted in 
three of the other five RSRH-2 field joints. The initial appearance 
could have been construed to be chamber gas leakage into the joint 
bondline, but the soot was readily removable with solvent. The pressure 
sensitive adhesive in these regions was still tacky to the touch and 
showed no signs of heat effect. Similar soot deposits were identified on 
the RSRM-1 forward field joints, but those soot deposits extended further 
into the bondline and reached the radius region in some locations. Those 
sooted regions frequently corresponded to large radial inhibitor stub 
tears or areas where a portion of the NBR 
There was no similar correspondence to 

inhibitor stub was torn away. 
inhibitor tears or missing 
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material on the RSRM-2 joints. This sooting is believed to have occurred 
during motor re-entry or at splashdown when the joint may have flexed 
slightly and allowed soot into the bondline. 

Prior to stacking, the tang and clevis insulation to case bondline 
of each segment were inspected. Edge separations were identified on the 
clevis during this preflight inspection, and those which exceeded the 
specification criteria of 0.05 inch depth were repaired. The tang and 
clevis insulation edge separations were probed during postflight 
inspection at Clearfield H-7. The deepest postfire clevis edge 
separation had a depth of 0.36 inch, which had grown from a repaired 
prefire separation of 0.10 inch depth. The deepest postfire tang edge 
separation had a depth of 0.35 inch, which had grown from an area with no 
prefire separation. These separations are documented in Tables 5 and 6 
and detailed results can be found in Reference 6. 

6.3.2 RSRM-2A Center Field Joint 
The center field joint insulation condition is recorded in Table 

A-15. The joint insulation configuration performed as designed. The 
inboard surfaces of the joint insulation were normally charred with some 
heat affected areas outboard of the char layer. Measurements of the tang 
and clevis material char depths and heat affected depths are provided in 
Table A-15. 

The general appearance of the pressure sensitive adhesive was noted. 
Contact and non-contact within the joint was based on the matted 
appearance and flat texture, or the glossy appearance of the adhesive. 
The joint appeared to have made contact over the full circumference at 
the tip of the J-leg. The bondline contact was measured at O o ,  90°, 180°, 

and 270O. Based on these four measurements, the deflected J-leg appeared 
to have made contact from the tip of the J-leg to an average of 1.16 
inches outboard of the material remaining (Figure 4 ) .  The minimum radial 
contact was 1.10 inches, and the maximum radial contact was 1.50 inches. 

No evidence of motor chamber pressure past the J-joint insulation 
was identified. No heat effect or erosion of the capture feature O-ring, 
primary O-ring, or secondary O-rings was identified. No evidence of 
foreign material was identified on the joint insulation surfaces. 
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Cracks were noted in the clevis insulation in the radius region from 
220°-270°-300°. These cracks were documented on prefire discrepancy 
reports (DR's). They did not grow during motor firing and had no effect 
on the function of the joint bondline. 

Edge separations were identified on the clevis insulation during the 
preflight inspection, and those which exceeded the specification criteria 
of 0.05 inch depth were repaired. The tang and clevis insulation edge 
separations were probed during postflight inspection at Clearfield H-7. 
The deepest postfire clevis edge separation had a depth of 0.33 inch, 
which had grown from a repaired prefire separation of 0.08 inch depth. 
The deepest postfire tang edge separation had a depth of 0.18 inch, which 
had grown from a repaired prefire separation of 0.12 inch depth. These 
separations are documented in Tables 5 and 6 and detailed results can be 
found in Reference 6. 

6.3.3 RSRM-2A Forward Field Joint 
The forward field joint insulation condition is recorded in Table 

A-16. The joint insulation configuration performed as designed. The 
inboard surfaces of the joint insulation were normally charred with some 
heat affected areas outboard of the char layer. The heat effect on the 
tang was slightly more than has been seen on RSRM static test motors. 
Measurements of the tang and clevis material char depths and heat 
affected depths are provided in Table A-16. 

The general appearance of the pressure sensitive adhesive was noted. 
The joint appeared to have made contact over the full circumference at 
the tip of the J-leg. The contact area appeared matted with a flat 
texture. The bondline contact was measured at O o ,  90°, 180°, and 270O. 
Based on these four measurements, the deflected J-leg appeared to have 
made contact from the tip of the J-leg to an average of 1.18 inches 
outboard of the material remaining (Figure 5). The minimum radial 
contact was 1.10 inches, and the maximum radial contact was 1.25 inches. 

No evidence of motor chamber pressure past the J-joint insulation 
was identified. No heat effect or erosion of the capture feature O-ring, 
primary O-ring, or secondary O-ring was identified. No evidence of 
cracks or crazing was identified on the joint insulation surfaces. 
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A white-substance was evident intermittently on the tang and clevis 
insulation ramp surfaces (outboard of the radius region). The substance 
appeared to be tape residue and may have come from the tape that is 
placed on the insulation bondline while the metal is being greased prior 
to segment stacking. The residue did not affect the function of the 
joint. 

Edge separations were identified on the clevis insulation during the 
preflight inspection, and those which exceeded the specification criteria 
of 0.05 inch depth were repaired. The tang and clevis insulation edge 

WOE 

separations were probed during postflight inspection at Clearfield H-7. 
The deepest postfire clevis edge separation had a depth of 0.32 inch, 
which had grown from a repaired prefire separation of 0.20 inch depth. 
The deepest postfire tang edge separation had a depth of 0.25 inch, which 
had grown from a repaired prefire separation of 0.18 inch depth. These 
separations are documented in Tables 5 and 6 and detailed results can be 
found in Reference 6. 

6.4 RSRM-2A IGNITER TO CASE JOINT 
The condition of the igniter boss insulation was excellent. An 

evaluation of the insulation to case interface revealed no edge 
separations. There was insulation flashing at the igniter boss from 
210'-270'-0' which measured approximately 0.050 inch axially. The 
flashing should have been trimmed prior to igniter installation but had 
no effect on the function of the igniter to case joint. The molded 
insulation surface was in good condition with normal erosion on the 
inboard surface. The condition of the igniter internal and external 
insulation dealing with the igniter 
component (Reference 7). 

is discussed in a separate document 

6.5 RSRH-2A ACREAGE INSULATION 
6.5.1 RSRM-2A Aft Segment Acreage Insulation 

The aft segment internal insulation was in excellent condition and 
is recorded in Tables A-17 through A-19. 
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The forward facing NBR inhibitor stub exhibited normal erosion over 

approximately one-half of the circumference, but there was an area of 
uneven erosion from approximately 240°-Oo-30°. This area had a very 
short inhibitor stub with intermittent inhibitor pieces extending taller 
than adjacent areas up to 2.5 inches (Figure 6). There were no inhibitor 
tears greater than 3 inches in length. 

Measurements of the remaining inhibitor stub heights were taken 
inboard from the I.D. surface of the inner clevis leg every 30° and are 
contained in Table A-19. The inhibitor height ranged from 4.25 to 8.0 
inches. Although the erosion was uneven, the remaining inhibitor stub 
heights for this segment were within the expected tolerance band for past 
flight motors based on a statistical analysis of the historical database 
(Reference 8). 

There was no liner remaining in the aft segment. This condition is 
common for an aft segment. 

The erosion in the aft dome was similar to past flight motors. The 
NBR under the CF/EPDM was not exposed, and the insulation in the aft dome 
did not appear to be eroded as severely as previous RSRM static motors. 
This variation between flight and static motors has been common through- 
out the history of the SRM program. 

No evidence of blisters, separations, gouges, cuts, missing 
material, or excessive erosion was identified in the aft segment. 

6.5.2 RSRM-2A Aft Center Segment Acreage Insulation 
The condition of the aft center segment internal insulation is 

recorded in Tables A-20 through A-23. 
The forward facing NBR inhibitor stub exhibited uniform erosion for 

the full circumference. Three radial tears greater than 3 inches long 
were noted. The longest tear measured 4.0 inches. Because the edges of 
the tears were rough and edge geometry matched when placed together, no 
material loss or erosion occurred. This indicated that the tears 
occurred after motor burn. The location and length of the tears are 
contained in Table A-21. 
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MeasureGGnts from the I.D. surface of the inner clevis leg to the 
tip of the remaining NBR inhibitor stub were taken every 30° and are 
contained in Table A-22. The remaining inhibitor stub heights ranged 
from which is within the expected 
tolerance band. 

12.0 to 15.5 inches for this segment, 

Liner coverage in the aft center segment was heavy near the clevis 
end and generally missing aft of the factory joint. Due to the poor 
lighting condition and the coating of wet char inside of the motor 
segments, the exact pattern and termination points of the liner material 
could not readily be determined at KSC. The diagram of the liner pattern 
was obtained after the segments arrived at the Clearfield H-7 facility, 
and is shown in Figure 7. 

The condition of the flap region is recorded in Table A-23. The 
castable inhibitor was completely missing full circumference, which is 
typical of an aft center segment. The stress relief flap was eroded back 
to the flap bulb over the full circumference, which is also typical of an 
aft center segment. The CF/EPDM under the flap was eroded for 
approximately 95% of the circumference, and remained partially intact 
from approximately 220°-240°. The exposed NBR under the flap and the 
portion of the CF/EPDM remaining appeared to be severely heat affected. 

No evidence of blisters, separations, gouges, cuts, missing 
material, or excessive erosion was identified in the aft center segment. 

SYOE 

6.5.3 RSRM-2A Forward Center Segment Acreage Insulation 
The condition of the forward center segment internal insulation is 

recorded in Tables A-24 through A-27. 
The forward facing NBR inhibitor stub exhibited uniform erosion for 

the full circumference. Eight tears greater than 3 inches long were 
noted. The longest tear was 14.0 inches and extended radially outward to 
approximately 9.5 inches inboard of the clevis I.D. surface. The edges 
of the tears appeared rough, and the edge geometry matched when placed 
together. They were not charred and demonstrated no material loss or 
erosion. This indicated that the tears occurred after motor burn. The 
location and length of the tears are contained in Table A-25. The tears 
are believed to be a result of re-entry or splashdown loads. 
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fieasure%&ts from the I . D .  surface of the inner clevis leg to the 
tip of the remaining NBR inhibitor stub were taken every 30° and are 
contained in Table A-26. The remaining inhibitor stub heights for this 
segment ranged from 22.75 to 28.75 inches. This maximum height was 
outside the expected tolerance band by 0.49 inch. 

Liner coverage for the forward center segment was heavy near the 
clevis end and completely missing aft of the factory joint except for two 
thin strips of liner at 120° and 180O. Small patches of thin liner were 
present intermittently on the insulation over the factory joint. Due to 
the poor lighting condition and the coating of wet char inside of the 
motor segments, the exact pattern and termination points of the liner 
material could not readily be determined at KSC. A diagram of the liner 
pattern was obtained after the segments arrived at the Clearfield H-7 
facility, and is shown in Figure 8. 

The condition of the flap region is 'recorded in Table A-27. The 
castable inhibitor was completely missing over the full circumference, 
which is typical of a forward center segment. Two-thirds (approximately 
10 inches from the tip of the tang) of the stress relief flap length was 
missing for the full circumference. Axial measurements from the tip of 
the tang to the aft edge of the remaining flap were taken every 90° and 
are shown in Table A-27. There were no flap tears. The CF/EPDM under 
the flap was present and heat affected for the full circumference. 

No evidence of blisters, separations, gouges, cuts, missing 
material, or excessive erosion was identified in the forward center 
segment . 

6.5.4 RSRH-2A Forward Segment Acreage Insulation 
The condition of the forward segment internal insulation is recorded 

in Tables A-28 and A-29. 
The eleven point star pattern in the liner was easily distinguish- 

able, and the star and non-star liner termination points were comparable 
to past flight motors, as shown in Figure 9. The liner remaining under 
the star tip regions was present from the tip of the tang forward to 
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145.5 inche;.. The liner remaining under the non-star tip was present 

from the tip of the tang forward to 153.5 inches. The liner was light 
between the tip of the tang and the flap bulb. 

The condition of the flap region is recorded in Table A-29. The 
castable inhibitor was completely missing full circumference. The stress 
relief flap was intact from approximately 120°-1800-3280 with some heat 
effect from 120°-1800-2540. The flap was eroded and severely heat 
affected with wavy edges from 328°-00-1200. The maximum flap erosion 
occurred from lo-7O where approximately two thirds of the flap length was 
missing. No axial tears were present in the remaining flap, unlike 
RSRM-1 which had numerous axial tears in both forward segment flaps. The 
NBR was quite heat affected under the flap over the full circumference, 
but there was no significant erosion. The erosion of the forward segment 
flap was uncharacteristic of the HPM flight motors. This may, however, 
be an indication that vacuum putty used in'the HPM field joints closed 
off forward segment and precluded any 
extensive heating in this area. 

the stress relief flap gap in the 

No evidence of blisters, separations, gouges, cuts, or missing 
material was identified in the forward segment. 

6.6 RSRH-2A FACTORY JOINT INSULATION 
Following the inspection and measurement of the internal insulation, 

the factory joint internal insulation was cut, and the joints were 
disassembled. This allowed the joints to be inspected in detail. 
Disassembly and inspection of the RSRH-2A factory joints occurred from 25 

January through 12 April 1989 at the Clearfield H-7 facility. The 
condition of the factory joints is recorded in Tables A-30 through A-36. 

Postfire evaluation indicates that all the factory joints performed 
as designed. The internal joint insulation exhibited no gas paths, soot, 
abnormal erosion, or heat affected material. This indicates that the 
insulation performed its function as the primary seal. The Teflon tape 
(used as a stress relief mechanism) was inplace and intact on the inner 
tang interface for the full circumference on all factory joints with the 
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disassembly process. 
most joints on the inner clevis leg tip. 

of a few small areas were the tape was torn as a result of the 
Normal amounts of insulation flashing were found on 

A small piece of chalk and several lockwashers were found on the 
joint insulation on the forward center segment factory joint. These were 
not a prefire condition and are believed to have occurred after the 
insulation was cut during the disassembly process. 

Four insulation to case unbonds were present on the aft segment 
stiffener to stiffener factory joint. Two were located on the tang side 
insulation approximately 3 inches from the teflon tape. The remaining 
two unbonds were located on the clevis side insulation 3 inches and 1.5 
inches from the clevis tip. Another unbond was found on the ET to 
stiffener factory joint on the tang side insulation one inch from the 
Teflon tape. Bare metal, transitioning into Chemlok 233 at the edges, 
was evident on all of the unbonded regions. The unbonds are believed to 
have been caused by the disassembly process where the insulation is cut, 
and a strip of insulation over the joint is removed by hand with 
spatulas, aided by a come-along. 

M O L  

6.7 POSTFIRE EVALUATION OF RSRM-2A PREFIRE DISCREPENCIES 
The prefire discrepancy reports for RSRM-2A insulation were 

evaluated prior to launch to identify significant items. These are 
identified in Reference 2 and the postfire conditions are discussed 

below. 
DR 161252 documented several insulation to insulation voids within 

the first 40 inches from the tang end on the RSRH-2A aft center segment. 
Insulation samples were removed from the postfire segment to evaluate the 
extent of the voids. The internal acreage inspection at KSC revealed no 
evidence of the voids and no effect on motor performance. 

DR 166815 documented cracks and crazing on the RSRM-2A aft center 
segment clevis insulation. Insulation samples were removed to evaluate 
the postfire condition of the cracks. The evaluation indicated that the 
cracks had not grown from the prefire condition and they had no effect on 
the function of the bondline or the performance of the motor. 

I 
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7.0 RSRM-2A INSULATION PERFORMANCE EVALUATION 
The RSRH-2A segments were insulated to meet the RSRM design drawing 

requirements (lU75641-01 Aft Dome Insulated, 11375434-02 Aft Segment 
Insulated, 1U75428-03 Center Segment Insulated, and 11175423-03 Forward 
Segment Insulated). The internal insulation was designed to meet a 2.0 
thermal (material decomposition) safety factor in the nozzle to case 
joint, case field joint, and factory joint areas, and a 1.5 thermal 
(material decomposition) safety factor for the acreage insulation for all 
segments. All safety factor analyses discussed in this report will deal 
with the above mentioned thermal (material decomposition) safety factors. 

The insulation was designed using H + 3a material decomposition 
depths established from the APM database. References 9 and 10 explain 
the database analysis and the design methodology, respectively. 

The nozzle to case joint, field joints, factory joints, and case 
wall insulation were evaluated based on the actual safety factor and 
compliance safety factor as required by the CEI specification. This 
evaluation was done by the use of prefire and postfire measurements. 

Prefire insulation thickness measurements were taken in the aft dome 
up to the 24.3 inch station by means of a template that was bolted to the 
nozzle boss. A depth gage was used to measure the distance from the 
template to the bare metal dome before insulation layup. The measurement 
was repeated after insulation cure to determine the distance from the 
template to the insulation surface. The two measurements were then 
subtracted to determine the prefire insulation. thickness. This 
measurement process was performed a third time after firing and char 
removal to determine the postfire thickness and material decomposition 
depth. 

Prefire thicknesses at all other locations within the motor were 
measured using ultrasonic inspection methods. 

Postfire insulation thicknesses were determined in the aft segment 
(forward of the 24.3 inch station), the center segments, and the forward 
segment by drilling holes in the insulation to the case wall and 
measuring the insulation thickness with a depth gage. 

MM 
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For the purpose of this report, the nozzle to case j o i n t  and the 

field joints will be dealt with in separate sections. All other areas, 
including the case acreage, the factory joints, and any other regions 
requiring a minimum 2.0 safety factor, will be dealt with in the sections 
devoted to the specific motor segments. 

Several axial performance stations previously measured on HPM motors 
have been moved or eliminated to avoid ply terminations, tapered areas, 
and other conditions created by the RSRM design. Other locations have 
been added to provide a more complete database. 

Some segment stations had liner material remaining after firing. 
For analysis purposes, the prefire measurements were used in place of the 
postfire measurements where liner was remaining, and the MDD was 
considered to be zero. 

Several terms used in this part of the report are defined as 
follows : 

Actual Safety Factor (ASP): The thermal (material decomposition) 
safety factor based on the actual prefire thickness and actual 
HDD. ASF = prefire thickness / HDD. 

Aft Cylinder: That region of the aft segment forward of 55.0 inches 
from the nozzle boss. 

Aft Dome: That region of the aft segment from the aft face of the 
nozzle boss to and including 55.0 inches forward of the nozzle 
boss. 

Compliance Safety Factor (CSP): The thermal (material decomposition) 
safety factor based on the HDT and actual HDD. CSF = MDT / MDD. 

, 
Exposure Time (B.T.): That amount of time that a particular station is 

subjected to the internal motor environment. The time is 
measured in seconds and determined by ballistic evaluation 
(Reference 11). 

HPM Database: That set of data derived from static and flight HPM 
motors and defined in Reference 9. 

HPM Database Maximum Iw): The largest single HDD computed for a given 
axial station in the APM database. 

TWR-17541 I WL I11 wc no. 
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M + 3 a H D D :  The analytically derived MDD values from the HPM database 
used as the insulation design basis where: 

M = the median of the ‘within motor’ MDD medians 
u = the root sum square of the ‘motor to motor‘ MDD standard 

deviation (o,) and the median of the ‘within motor’ stan- 
dard deviations (uMED) Reference 9. 

Material Decomposition Depth (MID): The amount of material that is 
during firing due to erosion or heat effects measured decomposed 

in inches. MDD = prefire thickness - postfire thickness. 

Material Decomposition Rate (HDR): The average rate at which material 
is decomposed as a result of erosion or heat effect. The value 
is measured in mils (thousandths of an inch) per second and 
assumes a constant decomposition rate throughout the exposure 
time. MDR = 1000 X MDD / E.T. 

Minimum Design Thickness (IIDT): The minimum insulation thickness 
defined on the 1U design drawings. The thicknesses are designed 
to meet the appropriate safety factor based on an M + 3u material 
decomposition and the HPM design thickness (Reference 10). 

Performance Station: An axial location in the segment found by 
measuring forward from the tang tip (on the forward and center 
segments) or from the nozzle boss face (on the aft segment). The 
stations in the forward dome are located by continuing the 
measurement along the insulation surface contour from the 321.0 
inch station. Figure 10 shows the location of the stations 
within each segment. 

7.1 RSRM-2A NOZZLE TO CASE J O I N T  
The 2.0 safety factor region of the nozzle to case joint area is 

defined as that area 2 inches to either side of the joint insulation 
interface, measured along the insulation internal surface contour. 
Safety factors were evaluated by examining the MDD‘s at two locations: 
1) at the base of the joint stress relief flap gap and 2) on the aft dome 
insulation at the joint interface. 

Visual inspection of the flap gap has revealed that no significant 
heating occurs in this region. In fact, the Teflon tape which is in the 
gap is visible after firing. For this reason, no further measurements or 
inspections in the flap gap were necessary. 
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The MDb at the nozzle to case joint insulation interface was 

calculated at 16 planes using the prefire and postfire insulation 
thickness as measured per Figure 11. The HDT used in the CSF 

calculations at the nozzle joint was 4.900 inches based on the MDT at the 
7.8 and 9.3 inch stations. 

The safety factors for the RSRM-2A nozzle to case joint are shown in 
Table 7. The minimum CSF for the nozzle to case joint was 6.1 at the 
46.8O and 180.0° planes. The minimum ASF was 6.8 at the 180.0° plane. 
The median MDD for the nozzle to case joint was 0.673 inch and ranged 
from 0.400 to 0.804 inch. The safety factors for the nozzle to case 
joint exceeded the 2.0 requirement in all areas. 

7.2 RSRM-2A FIELD JOINTS 
The 2.0 safety factor region of the field j int are is defin 

that area 2 inches to either side of the joint insulation interface. 
d as 
The 

joint safety factors were evaluated by examining the MDD's in three 
areas: 1) in the pressurization gap, 2) at the 3.5 inch station, and 3) 
at the joint insulation interface. 

From a visual inspection of all field joints, it was apparent that 
no significant material decomposition had occurred in the area of the 
pressurization gap terminus. For this reason, no further measurements or 
inspections in the pressurization gaps were necessary. 

The safety factor at the 3.5 inch station for each field joint will 
be dealt with in the discussion of the respective segments. 

The safety factors at the joint insulation interface were calculated 
using the MDD on the clevis joint insulation. The MDD was calculated 
using the prefire and postfire thicknesses as measured every loo per 
Figure 12. The t4DT used in the CSF calculations was 2.595 inches. This 
minimum is derived by subtracting the maximum 1U inner clevis leg metal 
thickness of 0.430 inch from the minimum 1U drawing insulation overall 
thickness of 3.025 inches. 

The clevis side of the joint interface sits approximately 0.150 inch 
radially inboard of the J-leg tip when the joint is assembled. As a 
result, the clevis side is exposed to a more severe environment and 
experiences more material decomposition than the J-leg tip. This tends 
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to inflate d e  MDD value at the joint. A more realistic approach to 
calculating the joint safety factors would be to use the tang J-leg 
insulation. It is not possible, however, to obtain corresponding prefire 
and postfire measurements because the J-leg does not return to the same 
position after the joint has been assembled and disassembled. For this 
reason, the clevis side insulation is used to calculate the joint CSF and 
ASF and is considered to be quite conservative. 

7.2.1 RSRM-2A Aft Field Joint 
The safety factors for the RSRM-2A aft field joint insulation 

interface are shown in Table 8. 
The prefire measurements for this joint appeared to be incorrect. 

The measurements did not agree with those of previous field joints in the 
RSRM database. The clevis insulation is a molded surface and the prefire 
measurements should not vary much between different joints. When the 
discrepancy was noticed, it was too late to remeasure the insulation. 
Since the measurements were lower than expected, it appeared that the 
measurements were taken from the inboard surface of the inner clevis leg 
instead of the outboard surface of the inner clevis leg. Therefore, the 
inner was added to the prefire 
measurements before the safety factors were calculated. Table 8 shows 
the corrected prefire measurements. 

minimum CSF for the joint interface was 

clevis leg metal thickness of 0.430 inch 

The 4.2 at the 242O plane. 
The minimum ASP was 4.7, also at the 242O plane. The median MDD for the 
aft field joint was 0.572 inch and ranged from 0.520 to 0.619 inch. The 
safety factors for the aft field joint exceeded the 2.0 requirement in 
all areas. 

7.2.2 RSW-2A Center Field Joint 
The safety factors for the RSRM-2A center field joint insulation 

interface are shown in Table 9. The minimum CSF for the joint interface 
was 8.5 at the 30° plane. The minimum ASF was 9.1, also at the 30° 
plane. The median HDD for the center field joint was 0.225 inch and 
ranged from 0.129 to 0.305 inch. The safety factors for the center field 
joint exceeded the 2.0 requirement in all areas. 
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7.2.3 RSRH-2A Forward Field Joint 
The safety factors for the RSRM-2A forward field joint insulation 

interface are shown in Table 10. The minimum CSF for the interface was 
12.0 at the 70° and 90° planes. The minimum ASF was 12.9, also at the 
70° and 90° planes. The median MDD for the forward field joint was 0.160 
inch and ranged from 0.099 to 0.217 inch. The safety factors for the 
forward field joint exceeded the 2.0 safety factor requirement in all 
areas. 

M Q E  

7.3 RSRM-2A AFT SEGMENT 
For purpose of this analysis, the aft segment is divided into the 

aft dome region and the aft cylinder region. The aft segment was 
measured in eight degree planes forward of the 98.0 inch station and at 
sixteen degree planes at and aft of the 98.0 inch station. 

7.3.1 RSRH-2A Aft Dome 
The safety factor analysis and the supporting measurement data for 

the RSRM-2A aft dome are shown in Table 11. All safety factors for the 
aft dome were acceptable with the minimum CSF being 2.23 at the 42.0 inch 
station in the 270.0° plane and the 45.0 inch station in the 338.4O 
plane. The minimum ASP was 2.51 at the 42.0 inch station in the 270.0° 
plane. 

database median MDD's and the kl + 3 0  design MDD's. 
Figure 13 shows how the RSRM-2A aft dome MDD's compare with the HPH 

. 

The M + 30 design HDD's were not exceeded at any aft dome stations. 

7.3.2 RSRU-2A Aft Cylinder 
The 68.0, 372.0, 375.0, and 377.5 inch performance stations are new 

stations The safety factor analysis and 
the supporting measurement data for the RSRM-2A aft cylinder are shown in 
Table 12. The performance analysis indicates that there was an apparent 
safety factor violation at one station in the aft cylinder. The location 
is shown below: 

beginning with the RSRM motors. 

STATION DEGREE CSF ASF REQUIRED SF -- 
105.8 00 1.32 1.86 1.5 
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This location was visually inspected to determine i f  any erosion 
gouging or pocketing had occurred. Also, the location was inspected for 
uneven or tapered insulation surfaces which may have affected prefire 
thickness measurement accuracy. In addition, the postfire insulation 
thickness measurement at this location was retaken and verified. 

The Oo plane had a prefire thickness which was quite high compared 
to six of the other seven planes at this station. The postfire 
measurement was comparable to the other planes at this station. This 
could indicate prefire measurements taken at ply overlaps and postfire 
measurements taken in different locations or improperly measured or 
recorded data. This indicates that the prefire measurement was in error, 
resulting in an unrealistically high MDD, yielding the low safety factor. 
In reality, this is not a safety factor violation. 

Figure 14 shows how the RSRM-2A aft cylinder MDD's compare with the 
HPM database median MDD's and the M + 3a design MDD's. 

The M + 30 design MDD's were exceeded at the following aft cylinder 
stat ions : 

(All Dimensions in Inches) 

WOE 

HPM MED HPM MAX RSRM-2A RSRM-2A M + 3 u MIN 
STATION PLANES MDD MDD MED MDD MAX MDD MDD - CSF 

105.8 2 of 8 0.388 0.568 0.405 0.817 0.559 1.32 
214.0 1 of 8 0.211 0.315 0.272 0.377 0.351 1.86 
227.3 1 of 8 0.210 0,378 0.272 0.343 0.317 1.90 
283.9 1 of 8 0.126 0.193 0.167 0.294 0.251 1.53 

The postfire measurements at all of these locations were retaken and 
verified. The two planes at the 105.8 inch station had high prefire 
measurements compared to the surrounding prefire data, and the postfire 
measurments were comparable to the surrounding data. The Oo plane at the 
105.8 inch station resulted in an apparent safety factor violation and 
was previously discussed. Stations 214.0, 227.3, and 283.9 each had a 
single plane with a prefire measurement higher than the surrounding 
prefire data. The postfire measurments were normal. This resulted in 
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the high MDD's. This could indicate prefire measurements taken at ply 

overlaps and postfire measurements taken in different locations or 
improperly measured or recorded data. These stations do not, therefore, 
generate a concern. 

7.4 RSRM-2A AFT CENTER SEGMENT 
The aft center segment was measured at eight degree planes. The 

3.5, 153.5, and 314.0 inch performance stations are new stations 
beginning with the RSRH motors. The safety factor analysis and the 
supporting measurement data for the RSRH-2A aft center segment are shown 
in Table 13. All safety factors for the aft center segment were 
acceptable. The minimum CSF was 1.60 at the 126.0 inch station in the 
180" plane, and the minimum 
in the 180" plane. 

The 161.4 inch station 
safety factor. The minimum 
the minimum ASF was 25.00. 
region which requires a 2.0 

ASF was 2.44 also at the 126.0 inch station 

is over the factory joint and requires a 2.0 
CSF at the 161.4 inch station was 10.73 and 
The 3.5 inch station is also located in a 
safety factor. The minimum CSF at the 3.5 

inch station was 4.30 and the minimum ASF was 5.18. 
Figure 15 shows how the RSRH-2A aft center segment HDD's compare 

with the HPH database median HDD's and the H + 30 design MDD's. 
The H + 3 0  design HDD's were exceeded at the following aft center 

segment stations. 
(All 

HPH HED 
STATION PLANES HDD 

23.6 1 of 8 0.293 
126.0 2 of 8 0.023 

Dimensions in Inches) 
HPH MAX RSRM-2A RSRM-2A H + 3 u HIN 
HDD HED HDD MAX HDD HDD - CSF 

0.395 0.315 0.483 0.460 1.93 
0.112 0.040 0.094 0.074 1.60 

The postfire measurments at these three locations were retaken and 
verified. A single plane at the 23.6 inch station had a prefire 
measurement that was higher than the surrounding prefire data, with the 
postfire data being comparable to the other planes. Once again, this 
indicates an incorrect prefire measurement. The 23.6 inch station is 
located on the ramp from the flap bulb to the acreage insulation and it 
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has provided unreliable data is past RSRM motors. Following the 

recommendation of Reference 5, this station will be deleted on future 
RSRM motors. 

The prefire and postfire measurements at the 126.0 inch station were 
analyzed, and no apparent problems with the data could be seen. Although 
the noted maximum MDD's at this station exceeded the M + 3a MDD used to 
design the insulation, the minimum CSF is above the required 1.5 value. 
This station will be closely monitored in future motors to determine if 
the measurements indicate a trend. 

The flap region of the aft center segment of RSRH-2A saw more 
material decomposition than was typically seen on HPM motors. This 
condition has been noted on all RSRM static test motors but was not 
commonly This condition will be evaluated on 
future RSRM static test and flight motors. 

seen on HPH flight motors. 

7.5 RSRM-2A FORWARD CENTER SEGMENT 
The forward center segment was measured at eight degree planes. The 

3.5, 153.5, and 314.0 inch performance stations are new stations 
beginning with the RSRM motors. The safety factor analysis and the 
supporting measurement data for the RSRM-2A forward center segment are 
shown in Table 14. All safety factors for the forward center segment 
were acceptable. The minimum CSF was 2.10 at the 71.5 inch station in 

the 136' plane. 
161.4 inch station is over the factory joint and requires a 2.0 

safety factor. The postfire and prefire measurements showed no material 
loss, indicating the safety factor requirement was met. The 3.5 inch 
station requires a 2.0 safety factor. 
The minimum CSP at the 3.5 inch station was 8.41 and the minimum ASF was 
10.31. Figure 16 shows how the RSRM-2A forward center segment MDD's 
compare with the HPM database median MDD's and the M + 3a design MDD's. 

the 46O plane, and the minimum ASF was 3.13 at the 23.6 inch station in 

The 

is also located in a region which 

The M + 30 design MDD's were not exceeded at any forward center 
segment stations. Generally, there were greater HDD's on this segment in 
the flap region than on forward center segments in the HPM database. 
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This is a cgndition that was seen on all previous RSRM motors but not on 
HPH flight motors. This condition will be monitored on future RSRM 
static test and flight motors. 

p*QE 

7.6 RSRM-2A FORWARD SEGMENT 
The forward segment performance data was separated into two groups: 

the star tip and non-star tip planes. The star tip planes are defined as 
the 90°, 154O, 222O, 286O, and 352' planes which lie under the thin 
portion of the propellant grain. These planes have a higher exposure 
time than the non-star tip planes. The non-star tip planes are defined 
as the 74O, 140°, 206O, 270°, and 336O planes. These planes lie under 
the thick parts of the forward segment propellant grain. The 3.5, 13.0, 
215.0, 230.0, 312.0, and 330.0 inch performance stations are new stations 
beginning with the RSRM motors. 

7.6.1 RSRH-2A Forward Segment Star Tip Planes 
The safety factor analysis and the supporting measurement data for 

the RSRM-2A forward segment star tip planes are shown in Table 15. The 
performance analysis indicates that there were apparent safety factor 
violations at two stations in the forward segment under the star tip 
portion of the propellant grain. A chart listing these locations is 
shown below: 

STATION DEGREE CSP ASF REQUIRED SF -- 
305.0 154' 1.36 1.89 1.5 . 
383.0 900 1.43 2.08 1.5 

Each of these locations was visually inspected by Insulation Design 
personnel to determine if any erosion gouging or pocketing had occurred. 
Also, the locations were inspected for uneven or tapered insulation 
surfaces which may have affected prefire thickness measurement accuracy. 
The postfire insulation thickness measurements were also retaken and 
verified. Both of these stations had a single plane where the prefire 
measurement was much higher than the surrounding prefire data. The 
postfire measurments were normal. This This resulted in the high MDD's. 
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could indicate prefire measurements taken at ply overlaps and postfire 
measurements taken in different locations or improperly measured or 
recorded data. 

Based on the visual inspection of stations with alleged safety 
factor violations and based on a careful evaluation of the prefire and 
postfire thickness measurements, it is believed that there were no safety 
factor violations in the forward segment star-tip planes. 

The 3.5, 162.0, and 321.0 inch stations are located in areas which 
require a 2.0 safety factor. The minimum CSF's at these stations were 
22.08, 2.75, and 3.12, respectively. The minimum ASP'S for these 
stations were 25.09, 4.60, and 3.43, respectively. 

Figure 17 shows how the RSRM-SA forward segment star tip MDD's 

The H + 3a design MDD's were exceeded at the following forward 
compare with the HPH database median MDD's and the H + 3a design MDD's. 

segment star tip stations: 
(All Dimensions in Inches) 

EPM HED HPH MAX RSRH-2A RSRM-2A M + 3 u MIN 
STATION PLANES HDD HDD HED MDD MAX HDD HDD 

0.207 0.386 0.309 1.36 305.0 1 of 5 0.168 0.291 
383.0 1 of 5 0.151 0.250 0.172 0.357 0.295 1.43 
394.0 1 of 5 0.156 0.288 0.215 0.332 0.287 1.52 

The data at the 305.0 and the 383.0 inch stations resulted in safety 
factor violations and were previously discussed. 

Analysis of the data at the 394.0 inch station. indicates that the 
prefire data in one plane was high compared to the surrounding prefire 
data. This could indicate a ply overlap 
or incorrectly recorded data, and that prefire data was the cause of the 
high HDD at this station. The values did not result in safety factor 
violations and are not a concern. 

The postfire data was uniform. 

7.6.2 RSRH-2A Forward Segment Non-Star Tip Planes 
The safety factor analysis and the supporting measurement data for 

the RSRH-2A forward segment non-star tip planes are shown in Table 16. 
All safety factors for the forward segment non-star area were acceptable. 
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The minimum was 1.64 at the 359.0 inch station in the 206O plane, and 
the minimum ASF was 2.20, also at the 359.0 inch station in the 206O 
plane. 

The 3.5, 162.0, and 321.0 inch stations are in areas which require a 
2.0 safety factor. The minimum CSF’s at these stations were 12.77, 4.10, 
and 5.50, respectively. The minimum ASF’s were 15.49, 6.26, and 5.90, 
respectively. 

Figure 18 shows how the RSRM-2A forward segment non-star tip MDD‘s 
compare with the HPH database median HDD’s and the H + 30 design HDD’s. 

The M + 30 design MDD‘s were exceeded at the following forward 
segment non-star tip stations: 

(All Dimensions in Inches) 

C*QE 

HPM HED HPH HAX RSRH-2A RSRH-2A H + 3 u HIN 
MDD CSF - STATION PLANES HDD HDD MED MDD M A X  HDD 

3.5 2 of 5 O* O* 0.067 0.166 0.103* 12.77 
359.0 2 of 5 0.124 0.246 0.185 0.318 0.279 1.64 

* Data taken from the closest adjacent station (11.8 inches) 

The MDD at the 3.5 inch station was significantly higher than that 
experienced in the HPM motors. This condition, however, has been noted 
on all previous RSRM’s and is not unexpected. Even with the increased 
MDD values, the minimum CSF noted at this station was 12.77 which is well 
above the 2.0 requirement. This station will continue to be monitored on 
future motors. 

Analysis of the data at the 359.0 inch station indicates that the 
prefire compared to the surrounding prefire 
data. The postfire data did not have similar variations. This could 
indicate a ply overlap or incorrectly recorded data, and that prefire 
data was the cause of the high HDD at this station. This station has 
provided unreliable HDD data in past RSRM experience. Following the 
recommendations provided in Reference 5, this station will be moved to 
362.0 inches in future motors. 

data in two planes was high 
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8.0 RSRM-2B VISUAL EVALUATIONS 
The following paragraphs discuss the RSRM-2B evaluations performed 

at KSC and 8-7. A copy of the inspection forms can be found in Appendix 
B. The condition of the insulation components for each segment are 
discussed in the following subsections. 

8.1 RSRM-2B EXTERNAL INSUIATION 
8.1.1 RSRM-2B External Factory Joint Weatherseals 

The condition of the factory joint weatherseals is recorded in 
Tables B-1 through B-7. No significant areas of missing EPDM insulation 
were noted on any factory joint weatherseal. Small areas of missing EPDM 
from debris impact were noted on the aft edge of three of the seven 
factory joints. The largest area measured 3.50 inches circumferentially, 
0.75 inch axially, and 0.10 inch deep on the RSRH-2B forward center 
segment. No edge separations were noted on any of the RSRM-2B 
weatherseals. The weatherseals on all three aft segment factory joints 
were slightly heat affected generally from 220°-270°-320° due to the 
plume radiation from the adjacent solid rocket motor and shuttle main 
engines. The heaviest heat effect occurred at 270O. This is a normal 
occurrence that had no effect on the performance of the weatherseals. 

Moisture was evident under the weatherseal on the forward center 
segment factory joint. Water was leaking from underneath the weatherseal 
at four locations around the circumference where DFI instrumentation 
wires were routed between the weatherseal and the case. A section of the 
weatherseal was removed and a significant amount of water was evident 
under the weatherseal. The water apparently penetrated the weatherseal 
only at the wire locations because the weatherseal was very well bonded 
in all other areas. The closeout of the wire exit locations is being 
re-evaluated to eliminate problems on future flights. 

8.1.2 RSRH-2B Stiffener Stubs and Rings 
The condition of the insulation over the stiffener stubs and rings 

is recorded in Tables B-8 through B-11. The insulation was in good 

condition with normal heat effect and discoloration on all surfaces. The 
heaviest heat effect occurred from 220°-270°-320° due to the plwrcc 
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radiation from the adjacent solid rocket motor and shuttle main engines. 
The condition was also seen on the aft segment factory joint weather- 
seals. Two minor areas of missing material were noted on the aft face of 
the RSRH-2B forward stiffener stub at 220' and 2 8 0 O .  The areas measured 
approximately 1.0 inch in diameter and were 0.1 inch deep. These two 
areas appeared to be ply separations and may have been initiated by 
debris impact. 

The EPDM was well bonded to the stiffener stubs and appeared to be 
well bonded to the stiffener rings. The condition of the rings after 
removal was previous discussed in Section 6.1.2. 

8.2 RSRM-2B NOZZLE TO CASE JOINT 

The nozzle to case joint insulation condition is recorded in Table 
B-12. The nozzle to case joint performed as expected with no polysulfide 
blowholes identified across the bondline. 'No voids in the polysulfide 
adhesive were noted, and there was only very slight porosity within the 
polysulfide at the step region. 

The failure mode of the polysulfiae was approximately 98% cohesive 
within the polysulfide and 2% adhesive at the NBR to polysulfide 
interface. The vent slots showed an average polysulfide fill of 62% with 
values ranging from 20% to 100% fill. 

The bondline around the circumference demonstrated erosion similar 
to that observed on RSRH static test motors. The polysulfide was 

decomposed further into the joint (approximately 6.09 inches from the aft 
face of the nozzle boss) than the flap erosion. For approximately 0.37 
inch further aft (5.72 inches from the aft face of the nozzle boss), the 
polysulfide was partially decomposed and bubbled. Although the material 
was partially decomposed, no gas flow had occurred in the adhesive 
bondline decomposed region. 

The insulation erosion in the joint region was similar to the 
condition of previous RSRM motors. The char layer on the CF/EPDM had 
swollen to the point that the postflight material thickness at the joint 
appeared to exceed the preflight material thickness by approximately 0.50 
to 0.75 inch. 
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The N<R*flap and baffle appeared to be in excellent shape with 
normal heat effect and erosion. There were two areas approximately 4 
inches wide circumferentially where the inboard edge of the flap had been 
torn, but these areas were caused by joint disassembly. The edge of the 
flap was brittle due to heat soak during motor descent. 

8 . 3  RSRN-2B Field Joints 
8 . 3 . 1  RSRl4-2B Aft Field Joint 

The aft field joint insulation condition is recorded in Table B-13. 
The joint insulation configuration performed as designed. The tang and 
clevis joint insulation were in excellent condition. The inboard 
surfaces of the joint insulation were charred normally with some heat 
affected areas outboard of the char layer. Heasurements of the tang and 
clevis material char depths and heat affected depths are provided in 
Table B-13. 

The general appearance of the pressure sensitive adhesive was noted. 
Contact and non-contact within the joint was based on the matted 
appearance and flat texture, or the glossy appearance of the adhesive. 
The joint appeared to have made contact over the full circumference at 
the tip of the J-leg. The bondline contact was measured at O o ,  90°,  
180°, and 270O. Based on these four measurements, the deflected J-leg 
appeared to have made contact from the tip of the J-leg to an average of 
1.35 inches outboard of the material remaining (Figure 19) .  The minimum 
radial contact was 0.80 inch, and the maximum radial contact was 1.45 
inches. 

No evidence of motor chamber pressure past the J-joint insulation 
was identified. No heat effect or erosion of the capture feature O-ring, 
primary O-ring, or secondary O-ring was identified. No evidence of 
foreign material, cracks, or crazings was identified on the joint 
insulation surfaces. 

Soot deposits extending down the bondline were identified 
intermittently around the circumference with the maximum depth being 0.55 
inch outboard of the remaining material at 150O. This was similar to the 
soot seen on the RSRM-2A aft field joint. 
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Edge separations were identified on the clevis insulation during the 
preflight inspection, and those which exceeded the specification criteria 
of 0.05 inch depth were repaired. The tang and clevis insulation edge 
separations were probed during postflight inspection at Clearfield H-7. 
The deepest apparent postfire clevis edge separation had a depth of 1.04 
inches at 9 2 O ,  which had grown from a repaired prefire separation of 0.11 
inch depth. The accuracy of this separation is in doubt, since it was so 
deep and there was no edge separation identified in this location during 
the KSC inspection. The insulation was washed out of the segment before 
Insulation Design received the data, so the depth of the separation could 
not be verified. The deepest postfire tang edge separation had a depth 
of 0.18 inch, which had grown from an area with no prefire separation. 
These and 6 and detailed results 
can be found in Reference 6. 

separations are documented in Tables 5 

8.3.2 RSRM-2B Center Field Joint 
The center field joint insulation condition is recorded in Table 

B-14. The joint insulation configuration performed as designed. The 
inboard surfaces of the joint insulation were charred normally with some 
heat affected areas outboard of the char layer. Measurements of the tang 
and clevis material char depths and heat affected depths are provided in 
Table B-14. 

The general appearance of the pressure sensitive adhesive was noted. 
Contact and non-contact within the joint was based on the matted 
appearance and flat texture, or the glossy appearance of the adhesive. 
The joint appeared to have made contact over the full circumference at 
the tip of the J-leg. The bondline contact was measured at O o ,  90°,  

180e, and 2 7 0 O .  Based on these four measurements, the deflected J-leg 
appeared to have made contact from the tip of the J-leg to an average of 
1.11 inches outboard of the material remaining (Figure 20). The minimum 
radial contact was 1.10, and the maximum radial contact was 1.60 inches. 
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No eviaence of motor chamber pressure past the J-joint insulation 
was identified. No heat effect or erosion of the capture feature O-ring, 
primary O-ring, or secondary O-rings was identified. No evidence of 
foreign material, cracks, or crazing was identified on the joint 
insulation surfaces. 

Soot deposits extending down the bondline were identified from 
60'-90'-180'. The maximum depth was 1.00 inch outboard of the remaining 
material from 99' to 103'. The NBR underneath the soot was slightly 
discolored, but there was no evidence that chamber gas leakage into the 
joint bondline had occurred. This joint had the most severe sooting in 
the bondline for RSW-2 flight set, but it was similar to the soot seen 
on the RSRM-2A and RSRM-2B aft field joints. It was also less severe 
than that seen on the RSW-1 forward field joints which had soot 
extending into the joint radius region. This sooting is believed to have 
occurred when the joint may have 
flexed slightly and allowed soot into the bondline. 

during motor re-entry or at splashdown 

Edge separations were identified on the clevis insulation during the 
preflight inspection, and those which exceeded the specification criteria 
of 0.05 inch depth were repaired. The tang and clevis insulation edge 
separations were probed during postflight inspection at Clearfield H-7. 
The deepest postfire clevis edge separation had a depth of 0.23 inch, 
which had grown from a repaired prefire separation of 0.05 inch depth. 
The deepest postfire tang edge separation had a depth of 0.10 inch, which 
had grown from an area with no prefire separation. These separations are 
documented in Tables 5 and 6 and detailed results can be found in 
Reference 6. 

8.3.3 RSW-2B Forward Field Joint 
The forward field joint insulation condition is recorded in Table 

B-15. The joint insulation configuration performed as designed. The 
inboard surfaces of the joint insulation were charred normally with some 
heat affected areas outboard of the char layer. Measurements of the tang 
and clevis material char depths and heat affected depths are provided in 
Table B-15. 
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The general appearance of the pressure sensitive adhesive was noted. 
The joint appeared to have made contact over the full circumference at 
the tip of the J-leg. The contact area appeared matted with a flat 
texture. The bondline contact was measured at O o ,  9 0 ° ,  180°, and 270O. 
Based on these four measurements, the deflected J-leg appeared to have 
made contact from the tip of the J-leg to an average of 1.21 inches 
outboard of the material remaining (Figure 21). The minimum radial 
contact was 1.15 inches, and the maximum radial contact was 1.30 inches. 

No evidence of motor chamber pressure past the J-joint insulation 
was identified. No heat effect or erosion of the capture feature O-ring, 
primary O-ring, or secondary O-ring was identified. No evidence of 
cracks or crazing was identified on the joint insulation surfaces. 

A white substance was noted just aft of the capture feature O-ring 
groove on the tang insulation intermittently around the circumference. 
The heaviest amount was from 45°-900-1350. The substance was approxi- 
mately 0.20 inch wide and did not tend to flake off. It appeared to be 
the same type of tape residue that was seen on the RSRM-2A forward field 
joint and had no effect on the function of the joint. 

Soot deposits extending down the bondline were identified from 90° 

to 180° with the maximum depth being 0.50 inch outboard of the remaining 
material at 112O. This was similar to the soot seen on the other RSRM-2 
field joints. There was no indication that chamber gas leakage into the 
joint bondline had occurred. This sooting is believed to have occurred 
during motor re-entry or at splashdown when the joint may have flexed 
slightly and allow soot into the bondline. 

Edge separations were identified on the clevis insulation during the 
preflight inspection, and those which exceeded the specification criteria 
of 0.05 inch depth were repaired. The tang and clevis insulation edge 
separations were probed during postflight inspection at Clearfield H-7. 
The deepest postfire clevis edge separation had a depth of 0.26 inch, 
which had grown from a repaired prefire separation of 0.08 inch depth. 
The deepest postfire tang edge separation had a depth of 0.15 inch, which 
had a prefire depth of 0.18 inch before being repaired. These 
separations are documented in Tables 5 and 6 and detailed results can be 
found in Reference 6. 
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8 . 4  RSRH-2B.fGNITER TO CASE JOINT 
The condition of the igniter boss insulation was good. An 

evaluation of the insulation to case interface revealed no edge 
separations, but there was loose insulation flashing forward of the 
chamfer from 315°-00-2250 which measured approximately 0.08 inch axially. 
This flashing should have been trimmed prior to igniter installation but 
had no effect on the function of the igniter to case joint. The 
insulation was securely bonded to the case outboard of the chamfer 
region. The molded insulation surface was in good condition with normal 
erosion on the inboard surface. The condition of the igniter insulation 
is discussed in a separate document dealing with the igniter component 
(Reference 7). 

maL 
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8.5 RSRH-2B ACREAGE INSULATION 
8.5.1 RSRH-2B Aft Segment Acreage Insulation 

The aft segment internal insulation was in excellent condition and 
is recorded in Tables B-16 through B-18. 

The forward facing NBR inhibitor stub exhibited normal erosion over 
approximately two-thirds of the circumference, but there was an area of 
uneven erosion from approximately 220°-270°-340°. This area had a very 
short inhibitor stub with intermittent inhibitor pieces extending taller 
than adjacent areas up to 3.5 inches (Figure 6). This inhibitor erosion 
was similar to, but slightly more severe than, the erosion on the RSRH-2A 
aft segment NBR inhibitor. There were no inhibitor tears greater than 3 
inches in length. 

Measurements of the remaining inhibitor stub heights were taken 
inboard from the I . D .  surface of the inner clevis leg every 30° and are 
contained in Table B-18. The inhibitor height ranged from 3.5 to 8.75 
inches. Although the inhibitor erosion was uneven, the remaining 
inhibitor stub heights for this segment were within the expected 
tolerance band for past flight motors based on a statistical analysis of 
the historical database (Reference 8). 

There was no liner remaining in the aft segment. This condition is 
normal for an aft segment. 
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The erosion in the aft dome was similar to past flight motors. The 

NBR under the CF/EPDM was not exposed, and the insulation in the aft dome 
did not appear to be eroded as severely as previous RSRM static motors. 

A small gouge or cut caused by splashdown debris was identified in 
the insulation surface near 180O. Based on the jagged non-eroded edges 
of the cut, the damage appeared to have occurred after motor burn. 
Several insulation ply overlaps were visible on the aft dome factory 
joint, but this is a normal condition that does not indicate any 
excessive erosion. No other evidence of blisters, separations, gouges, 
cuts, missing material, or excessive erosion was identified. 

8.5.2 RSRM-2B Aft Center Segment Acreage Insulation 
The aft center segment internal insulation condition is recorded in 

Tables B-19 through B-22. 
The forward facing NBR inhibitor stub exhibited uniform erosion for 

the full circumference. Two radial tears greater than 3 inches long were 
noted. The longest tear measured 5.0 inches long and extended radially 
outward to approximately 9 inches inboard of the clevis I . D .  surface. 
Because the edges of the tears were rough and the edge geometry matched 
when placed together, no material loss or erosion occurred. This 
indicated that the tears occurred after motor burn. The location and 
length of the tears are shown in Table B-20. 

Measurements from the I.D. surface of the inner clevis leg to the 
tip of the remaining NBR inhibitor stub were taken every 30° and are 
contained in Table B-21. The remaining inhibitor stub heights ranged 
from 11.5 to 15.25 inches for this segment which is within the expected 
tolerance band. 

Liner coverage in the aft center segment was heavy near the clevis 
end and generally missing aft of the factory joint. Due to the poor 
lighting condition and the coating of wet char inside the motor segments, 
the exact pattern and termination points of the liner material could not 
readily be determined at KSC. The diagram of the liner pattern was 
obtained after the segments arrived at the Clearfield H-7 facility, and 
is shown in Figure 22. 
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The condition of the flap region is recorded in Table B-22. The 

castable inhibitor was completely missing full circumference which is 
typical of an aft center segment. The stress relief flap was eroded back 
to the flap bulb over the full circumference which is also typical of an 
aft center segment. The CF/EPDM under the flap was missing for the full 
circumference, heat affected and slightly 
eroded. The condition of the flap region is recorded in Table B-22. 

due to prefire vacuum bagging were evident on the edges of 
the internal factory joint insulation. This condition had no adverse 
effect on motor operation and did not indicate any excessive erosion. 
Several small scratches due to debris impact at splashdown were evident 
intermittently throughout the segment. The scratches had no significant 
depth and were not eroded, indicating they occurred after motor burn. No 
other evidence of blisters, separations, gouges, cuts, missing material, 
or excessive erosion was identified. 

and the NBR underneath i t  was 

Wrinkles 

8.5.3 RSRM-2B Forward Center Segment Acreage Insulation 
The condition of forward center segment internal insulation is 

recorded in Tables B-23 through B-26. 
The forward facing NBR inhibitor stub exhibited uniform erosion over 

the full circumference. Six radial tears greater than 3 inches long were 
noted. The longest tear was 14.5 inches and extended radially outward to 
approximately 11.0 inches inboard of the clevis I.D. surface. The edges 
of They were 
not charred and demonstrated no material loss or erosion. This indicated 
that the tears occurred after motor burn. The location and length of the 
tears are shown in Table B-24. The radial extent and frequency of the 
tears all the RSRH-2 segments were 
within the range of tears noted on past flight motors. 

the tears appeared rough and matched when placed together. 

identified in the inhibitor stubs on 

Measurements from the I . D .  surface of the inner clevis leg to the 
tip of the remaining NER inhibitor were taken every 30" and are contained 
in Table B-25. The remaining inhibitor stub heights for this segment 
ranged from 21.5 to 27.5 inches which is within the expected tolerance 
band. 

A =-- 



CORPORA TION 
SPACE OfERATIONS 

0 0  

Liner coverage for the forward center segment was heavy near the 
clevis end and generally missing aft of the factory joint. Due to the 
poor lighting condition and the coating of wet char inside the motor 
segments, the exact pattern and termination points of the liner material 
could not readily be determined at KSC. A diagram of the liner pattern 
was obtained after the segments arrived at the Clearfield H-7 facility, 
and is shown in Figure 23. 

The condition of the flap region is recorded in Table B-26. The 
castable inhibitor was completely missing over the full circumference 
which is typical of a forward center segment. Two-thirds (approximately 
10 inches from the tip of the tang) of the stress relief flap length was 
eroded over the full circumference. Axial measurements from the tip of 
the flap were taken every 90° and 
are shown in Table B-26. The CF/EPDM under the flap was present and heat 
affected with slight erosion for the full circumference. 

tang to the aft edge of the remaining 

Small gouges or cuts caused by splashdown debris were identified in 
the insulation surface near 30°. Based on the jagged non-eroded edges of 
the cuts, the damage appears to have occurred after motor burn. No other 
evidence of blisters, separations, missing material, or excessive erosion 
was identified. 

8 . 5 . 4  RSRM-2B Forward Segment Acreage Insulation 
The condition of forward segment internal insulation is recorded in 

Tables B-27 and B-28. 
The eleven point star pattern in the liner was easily 

distinguishable, and the star and non-star liner termination points were 
comparable to past flight motors (Figure 24). The liner remaining under 
the star tip regions was present from the tip of the tang to 142.5 inches 
forward. The liner remaining under the non-star tip was present from the 
tip of the tang to 149.0 inches forward. The liner was very light 
between the tip of the tang and the flap bulb. 

The condition of the flap region is recorded in Table B-28. The 
The stress castable inhibitor was completely missing full circumference. 

relief flap 
33O0-Oo-6O0 

and the NBR underneath the flap was quite heat affected from 
and from 10O0-18Oo-22O0. Axial measurements from the tip of 
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the flap were taken every 90' and 
are shown in Table B-26. The flap was scalloped and protruded from the 
case which made i t  difficult to measure the remaining flap length. 
Approximately the full flap length was remaining from 204°-00-1100. From 
110°-1800-2040, the flap was eroded, scalloped, and wavy with areas that 
appeared to be torn but were really just scalloped. No axial tears were 
present over the length of the remaining flap. The most severe heat 
effect and erosion were noted from 110' - 136' where approximately one 
half of the flap length was missing. 

tang to the aft edge of the remaining 

No evidence of blisters, separations, gouges, cuts, missing 
material, or excessive erosion was identified. 

8.6 RSRM-2B FACTORY JOINT INSULATION 
Disassembly and inspection of the RSRM-2 factory joints occurred 

The from 
condition of the factory joints is recorded in Tables B-29 through B-35. 

evaluation indicates that all the factory joints performed 
as designed. The internal joint insulation exhibited no gas paths, soot, 
abnormal erosion, or heat affected material. This indicates that the 
insulation performed its function as the primary seal. No foreign 
material or unbonds were found within the insulation. The Teflon tape 
(used and intact on the inner 
tang interface for the full circumference on all factory joint. Normal 
amounts of insulation flashing was found on most joints on the inner 
clevis leg tip. 

31 January through 23 May 1989 at the'clearfield 8-7 facility. 

Postfire 

as a stress relief mechanism) was inplace 

Several insulation to insulation ply separations were present within 
the aft dome factory joint insulation. They were located intermittently 
on the tang side insulation. The largest was located 0.4 inch outboard 
of the remaining insulation and measured 1.25 inches circumferentially 
and was open 0.2 inch radially. One similar ply separation was found in 
the tang insulation of the ET to stiffener factory joint. No evidence of 
contamination, heat effects, or erosion was present adjacent to or within 
the ply separations. These were not a prefire condition and are 
partially believed to be a result of the disassembly process. 
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8 . 7  POSTFICE .EVALUATION OF RSRM-2B PREFIRE DISCREPANCIES 
The prefire discrepancy reports for RSRM-2B insulation were 

evaluated prior to launch to identify significant items. These are 
identified in Reference 2 and the postfire conditions are discussed 
below. 

DR 161255 documented insulation density variations on the RSRM-2B 
aft center segment. Insulation samples were removed from the postfire 
segment to determine what caused the density variations on the X-ray. 
The internal acreage inspection at KSC revealed no evidence of the 
density variations and no effect on motor performance. 

r*oL 

9.0 RSRM-2B INSULATION PERFORMANCE EVALUATION 
The RSRM-2B segments were insulated to meet the RSRM design drawing 

requirements (1U75641-01 Aft Dome Insulated, 1U75434-05 Aft Segment 
Insulated, 11175428-03 Center Segment Insulated, and 11175423-03 Forward 
Segment Insulated). The performance analysis on the RSRM-2B motor was 
conducted in the same manner as previously explained for the RSRM-2A 
motor. 

9.1 RSRM-2B NOZZLE TO CASE JOINT 
The safety factors for the nozzle to case joint are shown in Table 

17. The minimum CSP for the nozzle to case joint was 4.0 at the 201.6O 
plane. The minimum ASP was 4.5, also at the 201.6O plane. The median 
MDD for the nozzle to case joint was 0.714 inch and ranged from 0 to 
1.232 inch. The safety factors for the nozzle to case joint exceeded the 
2.0 requirement in all areas. 
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9.2.2 RSRH-2B Center Field Joint 
The safety factors for the RSRH-2B center field joint insulation 

interface are shown in Table 19. 
The prefire measurements for this joint appeared to be incorrect. 

The measurements did not agree with those of previous field joints in the 
RSRH database. The clevis insulation is a molded surface and the prefire 
measurements should not vary much between different joints. When the 
discrepancy was noticed, it was too late to remeasure the insulation. 
Since the measurements were lower than expected, it appeared that the 
measurements were taken from the inboard surface of the inner clevis leg 
instead of the outboard surface of the inner clevis leg. Therefore, the 
inner clevis leg metal thickness of 0.430 inch was added to the prefire 
measurements before safety factors were calculated. Table 19 shows the 
corrected prefire measurements. This is same problem that was 
encountered on the RSRH-2A aft field joint (Section 7.2.1). 

The minimum CSP for the joint interface was 10.9 at the looo plane. 
The minimum ASP was 11.5, also at the looo plane. The median HDD for the 
center field joint was 0.151 inch and ranged from 0.080 to 0.239 inch. 
The safety factors for the center field joint exceeded the 2.0 require- 
ment in all areas. 

9.2.3 RSRn-2B Forward Field Joint 
The safety factors for the RSRn-2B forward field joint insulation 

interface are shown in Table 20. The minimum CSF €or the interface was 
12.1 at the 140° plane. The minimum ASP was 12.9 at the 190° plane. The 
median 0.146 inch and ranged from 0 
to 0.214 inch. The safety factors for the forward field joint exceeded 
the 2.0 safety factor requirement in all areas. 

HDD for the forward field joint was 

9.3 RSRn-2B AFT SEGMENT 

9.3.1 RSM-2B Aft Dome 
The safety factor analysis and the supporting measurement data for 

the RSRM-ZB aft dome are shown in Table 21. The performance analysis 
indicates that there was an apparent safety factor violation at one 
station in the aft dome. This location is shown below: 
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STATION DEGREE CSF ASF REQUIRED SF --- 
40.0 316.8O 1.43 2.05 1.5 

The postfire insulation thickness measurement was retaken and 
verified. Analysis of the data indicates that the prefire measurement at 
the 316.8O plane was quite high compared to the surrounding planes. The 
postfire thicknesses were consistent. This results in the unrealistical- 
ly high MDD and the safety factor violation. This indicates a prefire 
measurement taken at a ply overlap and a postfire measurement taken in a 
different location, or improperly measured or recorded data. Insulation 
Design does not consider this to be a true safety factor violation. 

Figure 25 shows how the RSRH-2B aft dome HDD's compare with the HPH 
database median HDD's and the M + 3a design HDD's. 

The H + 3a design HDD was exceeded at the following aft dome 
stat ion: 

(All Dimensions in Inches) 
HPH HED HPH MAX RSRH-2B RSRM-2B M + ~ u  HIN 

MED MDD HAX HDD HDD CSF - -  STATION PLANES HDD MDD 

40.0 1 of 16 0.960 1.396 0.943 1.819 1.324 1.43 

This station resulted in a safety factor violation and was 
previously discussed. 

9.3.2 RSRH-2B Aft Cylinder 
The safety factor analysis and the supporting measurement data for 

the RSRH-2B aft cylinder are shown in Table 22. The performance analysis 
indicates that there were apparent safety factor violations at three 
stations in the aft cylinder. A chart listing the locations is shown 
below: 

STATION DEGREE CSF ASF REQUIRED SF -- 
177.7 46.8O 1.79 3.03 2.0 
322.0 316.8O 1.44 2.15 1.5 
372.0 316.8O 1.47 2.35 1.5 
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The postfire insulation thickness measurements at these stations 
were retaken and verified. Station 177.7 is located over the stiffener 
to stiffener factory joint and requires a 2.0 safety factor. Analysis of 
the data indicates that the 177.7 inch station had prefire measurements 
which were high in two planes compared to the surrounding prefire data. 
One of the measurements was approximately 0.20 inch higher than the 
surrounding data and the other one was approximately 0.12 inch higher. 
The postfire measurements were fairly uniform. This yeilds unrealist- 
ically high HDD's at these two planes, with one of them resulting in an 
apparent safety factor violation. This indicates that the prefire 
measurements were taken at ply overlaps and the postfire measurements 
were taken in a different location, or improperly measured or recorded 
data. 

The prefire and postfire measurements at the 322.0 inch station were 
analyzed. There were no variations between different planes, but all the 
prefire measurments at station 322.0 were approximately 0.180 inch higher 
than other motors in the RSRH database (Figure 26). This caused the 
HDD's to be artificially high. Only one plane had an apparent safety 
factor violation, but the others were close to 1.5 (ranging from 1.51 to 
1.76). Therefore, this is another obvious prefire measurement error in 
which the prefire measurement appears to be taken on a ply overlap and 
the postfire measurement was taken off of it. 

Analysis of the data at the 372.0 inch station indicates there were 
two planes with a high prefire measurement and a normal postfire 
measurement. Only one of the planes had an apparent safety factor 
violation, but the other plane also had a high HDD and a slighty low 
safety factor (CSF = 1.63). This again indicates a prefire measurement 
taken on a ply overlap and postfire measurement taken off of it, or a 
measurement error. 

Insulation Design does not consider these three conditions to be 
true safety factor violations. 
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The 56:8, 177.7, and 299.1 inch stations are located in regions 
which require a 2.0 safety factor. Station 177.7 was previously 
discussed. The minimum CSF's at the 56.0 and 299.1 inch stations were 
3.22 and 2.66, respectively. The minimum ASF's were 4.14 and 4.52, 
respectively. 

Figure 27 shows how the RSRM-2B aft cylinder MDD's compare with the 
HPH database median MDD's and the M + 30 design HDD's. 

The H + 30 design HDD's were exceeded at the following aft cylinder 

s tat ions : 
(All Dimensions in Inches) 

HPM MED HPM MAX RSRM-2B RSRM-2B M + 3 u MIN 
HDD CSF - STATION PLANES HDD HDD HED HDD HAX HDD 

WIOL 

68.0 2 of 16 0.516* 
177.7 2 of 8 0.298 
283.9 1 of 8 0.126 
299.1 1 of 8 0.150 
322.0 8 of 8 0.083 
339.0 7 of 8 0.066 
344.0 3 of 8 0.061 
372.0 2 of 8 0.014* 

0.745* 0.628 
0.516 0.359 
0.193 0.148 
0.272 0.191 
0.185 0.244 
0.339 0.221 
0.223 0.135 
0.106* 0.069 

* Data taken from the closest adjacent station. 
** Interpolated from adjacent stations. 

0.983 
0.559 
0.294 
0.254 
0.264 
0.237 
0.248 
0.272 

0.889** 2.24 
0.452 1.79 
0.251 1.53 
0.253 2.66 
0.197 1.44 
0.190 1.60 
0.187 1.53 
0.237** 1.47 

The postfire thickness measurements from all of the stations listed 
above were retaken and verified. 

The 177.7, 322.0, and 372.0 inch stations had apparent safety factor 

violations and were previously discussed. Analysis of the data at the 
68.0 inch station indicates two planes had slightly high prefire 
measurments and slightly low postfire measurements. The prefire data at 
all of the planes showed significant scatter. The HDD's were somewhat 
high, but the minimum CSP was 2.24. This station has provided 
inconsistent MDD's in past RSRn experience. It is located just forward 
of the aft dome factory joint on the ramp area. Following the 
recommendations of Reference 5, this station has proven unreliable and 
will be eliminated on future motors. 
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Further analysis of the data indicates that the 283.9 and 299.1 inch 
stations had prefire measurements which were high in a single plane with 
normal postfire thicknesses. The single 
plane at the 299.1 inch station was only slightly higher than the 
surrounding data, but it was enough to make the MDD higher than the M + 
3a MDD (the MDD was only 0.001 inch high). This could indicate prefire 
measurements taken at ply overlaps and postfire measurements taken in 
different locations, or improperly measured or recorded data. These 
stations do not, therefore, generate a concern. 

This results in the high MDD's. 

The prefire and postfire measurements at the 339.0 inch station were 
analyzed. There were no significant variations between different planes, 
but all the prefire measurments at station 339.0 were approximately 0.182 
inch higher than other motors in the RSRM database (Figure 28). This 
caused the MDD's to be artificially high. This is another obvious 
prefire measurement error. 

The 344.0 inch station had four of eight planes with high prefire 
measurments. Three of these planes exceeded the H + 30 MDD. This 
station has provided unreliable MDD data in past RSRM experience. 
Following the recommendations of Reference 5, this station will be moved 
to 342.0 inches on future motors. 

9.4 RSRM-2B AFT CENTER SEGMENT 
The safety factor analysis and the supporting measurement data for 

the RSRn-2B aft center segment are shown in Table 23. With the exception 
of the 161.4 inch station, all safety factors for the aft center segment 
were acceptable. Other than the 161.4 inch station, the minimum CSF was 
1.95 at the 126.0 inch station in the 226O plane, and the minimum ASF was 
2.78 at the 71.5 inch station in the 270° plane. 

The 161.4 inch station is located over a factory joint and requires 
a 2.0 safety factor. Four of the eight degree locations at the 161.4 
inch station had apparent safety factor violations as shown below: 

STATION DEGREE CSF ASF REQUIRED SF -- 
161.4 46.0" 1.36 3.73 2.0 

226.0° 1.27 3.69 2.0 
270.0b 1.84 4.80 2.0 
316.0° 1.42 3.98 2.0 
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Each of'?hese locations were visually inspected hy T n s i i l a t i o n  Design 

personnel. No abnormal erosion, gouging or pocketing had occurred. The 
locations were also inspected for uneven or tapered insulation surfaces 
which may have affected prefire thickness measurement accuracy. The 
postfire insulation thickness measurements were also retaken and 
verified. 

The postfire measurements at the 161.4 inch station were taken 
adjacent to an uneven surface. It appears that the prefire measurements 
were not taken at the same location as the postfire measurements. The 
161.4 inch station has provided unreliable data in past RSRM experience. 
It is located immediately forward of a stack of insulation plies which 
flow during cure, creating uneven surfaces over the factory joint. 
Reference 5 recommends that Manufacturing Engineering evaluate the 
purpose and effectiveness of the additional plies and determine if they 
can be removed, reduced in number, or movec to eliminate the over thick 
and uneven surface problem. 

The 3.5 inch station is also located in regions which require a 2.0 
safety factor. The minimum CSF at this station was 3.93 and the minimum 
ASF was 4.71. 

Figure 29 shows how the RSRM-2B aft center segment MDD's compare 
with the HPM database median MDD's and the M + 3 0  design MDD's. 

The M + 3 u  design MDD's were exceeded at the following aft center 
segment stations: 

(All Dimensions in Inches) 
HPM MED HPM MAX RSRM-2B RSRM-28 M + 3 u MIN 

MDD CSF - STATION PLANES MDD MDD MED MDD MAX MDD 

48.0 3 of 8 0.045* 0.206* 0.078 0.109 0.089** 2.64 
126.0 1 of 8 0.023 0.112 0.015 0.077 0.074 1.95 
161.4 7 of 8 0.025 0.107 0.121 0.186 0.082 1.27 

* Data taken from the closest adjacent station. 
** Interpolated from adjacent stations. 

The postfire measurements were retaken and verified at all of these 
locations. The prefire and postfire measurements at the 48.0 inch 
station listed above were analyzed, and no apparent problems with the 
data could be seen. The station is in a low exposure region which is 
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very sensit4Ge to measurement error. Although the noted maximiim Mnn a r  

this station exceeded the M + 30 MDD used to design the insulation, the 
minimum CSF was above the required 1.5 value. This station will be 
closely monitored in future motors to determine if the measurements 
indicate a trend. 

Further analysis of the data indicates that the 126.0 inch station 
had a prefire measurement which was high in a single plane and had normal 
postfire thicknesses. This results in the high MDD. This could indicate 
prefire measurements taken at ply overlaps and postfire measurements 
taken in different locations, or improperly measured or recorded data. 
This station does not, therefore, generate a concern. 

The 161.4 inch station resulted in apparent safety factor violations 
and was previously discussed. 

9.5 RSRM-2B FORWARD CENTER SEGMENT 
The safety factor analysis and the supporting measurement data for 

the RSRM-2B forward center segment are shown in Table 24. All safety 
factors for the forward center segment were acceptable. The minimum CSF 
was 3.52 at the 36.2 inch station in the 4 6 O  plane, and the minimum ASF 

was 4.33, also at the 36.2 inch station in the 46’ plane. 
The 3.5 and 161.4 inch stations are located in regions which require 

a 2.0 safety factor. The minimum CSF at the 3.5 inch station was 11.98 
and the minimum ASF at the 3.5 inch station was 15.06. The data 
indicates there was no material loss at the 161.4 inch station, so no 
safety factors could be calculated. 

Figure 30 shows how the RSRM-2B forward center segment MDD’s compare 
with the HPM database median MDD’s and the M + 3 u  design MDD’s. 

The M + 30 MDD was not exceeded at any forward center segment 
station. 

9.6 RSRM-2B FORWARD SEGMENT 
9.6.1 RSRM-2B Forward Segment Star Tip Planes 

The safety factor analysis and the supporting measurement data for 
the RSRM-2B forward segment star tip planes are shown in Table 25. The 
performance analysis indicates that there were apparent safety factor 
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violations %f three stations in the forward segment under the star t i p  

portion of the propellant grain. A chart listing these locations is 
shown below: 

STATION DEGREE CSF ASF REQUIRED SF --- 
305.0 286O 1 .45  2.06 1.5 
330.0 90 O 1 .41  2.99 1 .5  

286 O 1 . 2 2  2.41 1 .5  
347.0 286' 1 .26  1.83 1.5 

The postfire insulation thickness measurements at these locations were 
retaken and verified. 

The 305.0 inch and 347.0 inch stations each had a prefire 
measurement which was high at the degree location in question compared to 
the surrounding prefire data. The postfire data at these locations were 
consistent with the surrounding data. This could indicate the prefire 
measurements were taken at ply overlaps and the postfire measurements 
were taken in different locations, o r  improperly measured or recorded 
data. The 347.0 inch station has provided unreliable MDD data in past 
RSRM experience. Following the recommendations provided in Reference 5 ,  

this station will be moved to 350.0 inches in future motors. 
The 330.0 inch station had prefire measurements which were slightly 

higher at the two degree locations in question compared to the 
surrounding data. This could indicate prefire measurements taken at ply 
overlaps and postfire measurements taken in different locations, or  
improperly measured or recorded data. The 330.0 inch station is located 
on the forward edge of the factory joint insulation and has provided 
unreliable MDD data in past RSRM experience. Following the 
recommendations provided in Reference 5 ,  this station will be moved to 
339.0 inches in future motors. 

Based on a careful evaluation of the prefire and postfire thickness 
measurements at the stations with alleged safety factor violations, i t  is 
believed that there were no safety factor violations in the forward 
segment star-tip planes. 
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CORPORATION 
SPACE OPERATIONS 

SEC 

The 3.5,. 162.0, and 321.0 inch stations are located i n  areas which 
require a 2.0 safety factor. The minimum CSF's at these stations were 
7.49, 3.17 and 2.56, respectively. The minimum ASF's for these stations 
were 9.20, 5.21, and 3.14, respectively. 

Figure 31 shows how the RSRM-2B forward segment star tip MDD's 
compare with the HPM database median MDD's and the M + 30 design MDD's. 

The M + 3a design MDD's were exceeded at the following forward 
segment star tip stations: 

PAGE 

(All Dimensions in Inches) 
HPM MED HPM MAX RSRM-2B RSRM-2B 

STATION PLANES MDD MDD MED MDD MAX MDD 
3.5 3 of 5 O* O* 0.182 0.283 

305.0 1 of 5 0.168 0.291 0.179 0.361 
312.0 1 of 5 0.146* 0.239* 0.193 0.337 
330.0 2 of 5 0.147* 0.277* 0.302 0.450 
347.0 1 of 5 0.150 0.243 0.284 0.416 

M + 3 a MIN 
CSF - MDD 

0.103* 7.49 
0.309 1.45 
0.308** 1.55 
0.333** 1.22 
0.307 1.26 

* Data taken from the closest adjacent station 
** Interpolated from adjacent stations 

The MDD at the 3.5 inch station was higher than that experienced in 
the HPM motors. This condition, however, has been noted on all previous 
RSRM's and is not unexpected. Even with the increased MDD values, the 
minimum CSF noted at this station was 7.49. This condition will continue 
to be monitored on future motors. 

The data at the 305.0, 330.0, and 347.0 inch stations resulted in 
safety factor violations and were previously discussed. 

Analysis of the data at  the 312.0 inch station indicates that the 
prefire data at the degree location in question was high compared to the 
surrounding prefire data. The postfire data was consistent with the 
surrounding data. This could indicate a ply overlap or incorrectly 
recorded data. The prefire data was the cause of the high MDD at this 
location. The value did not result in a safety factor violation and is 
not a concern. 
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4.6.2 RSRM-YB Forward Segment Non-Star Tip Planes 
The safety factor analysis and the supporting measurement data for 

the RSRM-2B forward segment non-star tip planes are shown in Table 26. 
All safety factors for the forward segment non-star tip planes were 
acceptable. The minimum CSF was 1.51 at the 347.0 inch station in the 
206O plane, and the minimum ASF was 2.32 at the 394.0 inch station in the 
140° plane. 

The 3.5, 162.0, and 321.0 inch stations are in areas which require a 
2.0 safety factor. The minimum CSF’s at these stations were 7.31, 4.34, 
and 5.19, respectively. The minimum ASF’s were 8.83, 7.21, and 6.11, 
respectively. 

Figure 32 shows how the RSRM-2B forward segment non-star tip MDD’s 
compare with the HPM database median MDD’s and the M + 3a design MDD‘s. 

The M + 3a MDD’s were exceeded at the following forward segment 
non-star tip stations: 

(All Dimensions in Inches) 
HPM MED HPM MAX RSRM-2B RSRM-2B M + 3 u M I N  

CSF - STATION PLANES MDD MDD MED MDD MAX MDD MDD 

3.5 4 of 5 O* O* 0.174 0.290 0.103* 7.31 
347.0 1 of 5 0.107 0.349 0.201 0.347 0.307 1.51 
394.0 1 of 5 0.141 0.256 0.240 0.294 0.287 1.71 

* Data taken from the closest adjacent station 
** Interpolated from adjacent data. 

Four of the locations in the 3.5 inch station exceeded the M + 3a 
MDD design criteria. As in the star tip planes, the higher MDD 
experienced at the 3.5 inch station is consistent with previous RSRM’s. 
The minimum CSF at this station was 7.31, which is well above the 2.0 
requirement. 

Analysis of the data at the 347.0 inch station indicates that the 
prefire data at the degree location in question was high compared to the 
surrounding prefire data. The postfire data did not have similar 
variations. This could indicate a ply overlap or incorrectly recorded 
data. The 347.0 inch station has provided unreliable MDD data in past 
RSRM experience. Following the recommendations provided in Reference 5, 
this station will be moved to 350.0 inches in future motors. 
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No probfem could be found with the data at the 394.0 i n r h  s t a t i n n .  

The single degree plane in question did have a slightly higher prefire 
measurement than the surrounding data, but i t  was not enough t o  be 
significant. Even with the high MDD, the data did not result in a safety 
factor violation. This station will be monitored on future motors. 
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CORPORA TION 
SPACE OPERATIONS 

Table 1 
Summary of Nozzle to Case Joint and Field Joint Safety Factors 

SEC 

MINIMUM MINIMUM 
COMPLIANCE ACTUAL 
SAFETY SAFETY 
FACTOR DEGREE FACTOR DEGREE 

JOINT ( C W  LOCATION (ASF 1 LOCATION 

PAGE 

NOZZLE TO 6.1 46.8' & 180' 6.8 180.0° 
CASE A 
NOZZLE TO 4.0 201.6' 4.5 201.6O 
CASE B 

AFT A 4.2 
AFT B 5.0 

242 ' 4.7 242 O 

120' 5.4 120' 

CENTER A 8.5 30 ' 9.1 30 ' 
CENTER B 10.9 looo 11.5 1000 

FORWARD A 12.0 70' & 90' 12.9 70' & 90' 
FORWARD B 12.1 140' 12.9 1900 

NOTE: ALL SAFETY FACTORS MUST MEET A 2.0 MINIMUM. 

CSF = MDT/MDD 
ASF = Actual Prefire Thickness/MDD 

Where: MDT = Minimum Design Thickness 
MDD = Material Decomposition Depth 

REVISION 



CORPORA TION 
SPACE OPERA~IONS 

Table 2 
Summary of Factory Joint Safety Factors 0 .  

SEC 

AFT A 56.0" 3.08 338.4' 3.74 338.4' 
AFT B 56.0" 3.22 316.8' 4.14 316.8' 

WOE 

AFT A 177.7" 2.57 136.8' 3.87 270.0' 
AFT B 177.7" 1.79* 46.8' 3.03 46.8' 

AFT A 299.1" 3.00 46.8O 4.82 46.8' 
AFT B 299.1" 2.66 136.8' 4.52 136.8' 

AFT CTR A 161.4" 10.73 180.O0 25.00 180.0' 
AFT CTR B 161.4" 1.27** 226. 0' 3.69 226. 0' 

FWD CTR A 161.4" 99.00*** *** 99.00*** *** 
FWD CTR B 161.4" 99. oo*** *** 99. oo*** *** 
FORWARD A 162.0" 2.75 90.0' 4.60 90.0' 
FORWARD B 162.0" 3.17 352. 0' 5.21 352.0' 

FORWARD A 321.0" 3.12 90. 0' 3.43 90.00 
FORWARD B 321.0" 2.56 90.0° 3.14 90.00 

NOTE: ALL FACTORY JOINT SAFETY FACTORS MUST MEET A 2.0 MINIMUM 
* SEE SECTION 9.3.2 
** SEE SECTION 9.4 
*** NO MATERIAL LOSS 

REVISION A 

CSF = MDT/MDD 
ASF = Actual Prefire Thickness/MDD 

Where: MDT = Minimum Design Thickness 
MDD = Material Decomposition Depth 



CORPORATION 
SPACE OPERATIONS 

SEC 

Table 3 
0 .  Summary of Case Insulation Safety Factors 

PAGE 

AFT DOME A 
AFT DOME B 

AFT A 
AFT B 

AFT CTR A 
AFT CTR B 

FWD CTR A 
FWD CTR B 

FORWARD A 
FORWARD B 

2.23 
1.43* 

1.32** 
1.44*** 

1.60 
1.95**** 

2.10 
3.52 

1.36***** 
1.22****** 

42.0" 6 45.0" 
40.0" 

105.8" 
322.0" 

126.0" 
126.0" 

71.5" 
36.2" 

305.0" 
330.0" 

2.51 
2.05 

1.86 
2.15 

2.44 
2.78 

3.13 
4.33 

1.89 
1.83 

42.0" 
40.0" 

105.8" 
322.0" 

126.0" 
71.5" 

23.6" 
36.2" 

305.0" 
347.0" 

NOTE: ALL ACREAGE AREA SAFETY FACTORS MUST MEET A MINIMUM OF 1.5. 
* SEE SECTION 9.3.1 
** SEE SECTION 7.3.2 
*** SEE SECTION 9.3.2 

***** SEE SECTION 7.6.1 
****** SEE SECTION 9.6.1 
**** EXCLUDING THE FACTORY JOINT - SEE SECTION 9.4 

CSF = MDT/MDD 
ASF = Actual Prefire Thickness/MDD 

Where: M D T  = Minimum Design Thickness 
MDD = Material Decomposition Depth 

REVISION A 
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CORPORA TI ON 
SPACE OPERATIONS 

Table 5 
RSRM-2 Final Clevis Edge Separation Conditions 

SEC 

PREFIRE KSC WORST CONDITIONS (AFTER HARD PROBE*) 

PREFIRE POSTFIRE DEGREE PRIMARY REPAIRED** AREA 
SEGMENT MAX DEPTH DEPTH LOCATION BOND GROWTH BOND GROWTH TOTAL 

PAOE 

A AFT 0.28 IN 
A A/C 0.40 
A F/C 0.90 

B AFT*** 0.25 
B A/C 0.27 
B F/C 0.25 

0.00 IN 258O 0.00 IN 
0.00 180 0.00 
0.15 245 0.00 

0.25 302-305 0.00 
0.00 256 0.00 

,20,0.24 335,344 0.00,O.O 

0.00 IN 5.1  IN2 
0.00 20 
0.15 60 

0.18 2 . 2  
0.00 47 
0.20,0.24 6.6 

POSTFIRE CLEARFIELD H-7 CONDITIONS**** 

PREFIRE POSTFIRE DEGREE PRIMARY REPAIR HARD PROBED AREA 
SEGMENT DEPTH MAX DEPTH LOCATION BOND GROWTH GROWTH POSTFIRE TOTAL 

A AFT 0.10 IN 0.36 IN 252-254' 0.25 IN 0.10 IN NO 24 IN2 
A A/C 0.08 0.33 258 0.25 0.25 NO 7.8 
A F/C 0.20 0.32 20 0.12 0.20 YES 1 3  

B AFT 0 .11  1.04 92 0.93 0.11 NO 3.8 
B A/C 0.05 0.23 17 0.18 0.01 NO 1.4  
B F/C 0.08 0.26 88 0.19 0.00 YES 6.0 

* MTI PREFIRE HARD PROBE, INSPECTION PERFORMED AT FINAL ASSEMBLY 
** REPAIRED BOND GROWTH DETERMINED WITH MTI INSPECTION AT FINAL 
*** PROCESSED WITH EXTENDED GRIT BLAST AND CHEMLOK DIMENSIONS 
**** POSTFIRE HARD PROBE INSPECTION PERFORMED FOR ENGINEERING DATA ONLY 

REVISION A 



CORPORA TtON 
SPACE OPERATIONS 

Table 6 
.,RSRM-2 Final Tang Edge Separation Conditions 

SEC 

PREFIRE KSC WORST CONDITIONS 
PREFIRE POSTFIRE DEGREE PRIMARY REPAIRED** AREA 

SEGMENT MAX DEPTH DEPTH LOCATION BOND GROWTH BOND GROWTH TOTAL 

A A/C* 0.15 IN 0.15 IN 272-275' 0.00 IN N/A 3.4 IN2 
A F/C, 0.14 0.00,O.OO 100,194 0.00,O.OO 0.00,O.OO 12 

- 

FnOE 

A FWD" 0.18 0.25 00 0.07 0.18 

- B A/C - - - - 
B F/C 0.22 0.07 198 0.00 N/A 
B FWD* 0.20 0.00 294 0.00 0.00 

POSTFIRE CLEARFIELD H-7 WORST CONDITIONS 

PREFIRE POSTFRE DEGREE PRIMARY REPAIR 
SEGMENT DEPTH MAX DEPTH LOCATION BOND GROWTH GROWTH 

A A/C 0.00 IN 0.35 IN 326' 0.35 IN 0.00 IN 
A F/C 0.12 0.18 180-218 0.06 0.12 
A FWD 0.18 0.25 00 0.07 0.18 

B A/C - 0.18 270,350 - - 

B F/C 0.00 0.10 158 - 
B FWD 0.18 0.15 90-94 0.00 0.03 

251,247 - 

38 

- 
- 
79 

AREA 
TOTAL 

5.4 IN2 
35 
3.0 

8.0 

0.79 
2.7 

- 

* PREFIRE CONDITION AT KSC FOLLOWING 360' FLASHING REMOVAL AND HARD PROBE 
** REPARIED BOND GROWTH DETERMINED FROM SEPARATION DEPTH AT KSC 

REVISION 
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Table 7 RSRM-2A Nozzle to Case Joint Performance 

A SAFETY FACTOR OF 2.0 IS REQUIRED 

DEGREE PREFIRE POSTFIRE MDD CSF ASF 
LOCATION (INCHES) (INCHES) 

0.0 
21.6 
46.8 
68.4 
90.0 

111.6 
136.8 
158.4 
180.0 
201.6 
226.8 

270.0 
291.6 
316.8 
338.4 

248.4 

Rev A 

5.532 4.841 
5.493 4.813 
5.500 4.699 
5.481 4.836 
5.491 4.794 
5.476 4.802 
5.524 4.979 
5.489 4.904 
5.449 4.645 
5.478 4.682 
5.493 4.821 
5.460 5.060 
5.463 4.812 
5.443 4.780 
5.465 4.785 
5.457 4.954 

0.691 
0.680 
0.801 
0.645 
0.697 
0.674 
0.545 
0.585 
0.804 
0.796 
0.672 
0.400 
0.651 
0.663 
0.680 
0.503 

7.1 
7.2 
6.1 
7.6 
7.0 
7.3 
9.0 
8.4 
6.1 
6.2 
7.3 

12.2 
7.5 
7.4 
7.2 
9.7 

8.0 
8.1 
6.9 
8.5 
7.9 
8.1 

10.1 
9.4 
6.8 
6.9 
8.2 

13.6 
8.4 
8.2 
8.0 

10.8 

MEDIAN MEDIAN MEDIAN MINIMUM MINIMUM 
5.480 4.813 0.673 6.1 6.8 

TWR- 1 7 54 1 V O l .  III 
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Table 8 RSRM-2A Aft Field Joint Performance 

A SAFETY FACTOR OF 2.0 IS REQUIRED 

DEGREE PREFIRE POSTFIRE MDD CSF AS F 
LOCATION (INCHES) (INCHES) 

2.0 
10.0 
20.0 
30.0 
40.0 
50.0 
60.0 
70.0 
80.0 
90.0 

100.0 
110.0 
120.0 
130.0 
140.0 
150.0 
160.0 
170.0 
180.0 
190.0 
200.0 
210.0 
220.0 
230.0 
242.0 
250.0 
260.0 
270.0 
280.0 
290.0 
300.0 
310.0 
320.0 
330.0 
340.0 
350.0 

2.890 
2.887 
2.891 
2.889 
2.891 
2.888 
2.889 
2.893 
2.893 
2.894 
2.898 
2.890 
2.882 
2.889 
2.894 
2.892 
2.894 
2.894 
2.892 
2.889 
2.870 
2.863 
2.865 
2.880 
2.880 
2.873 
2.877 
2.860 
2.871 
2.870 
2.869 
2.869 
2.871 
2.869 
2.870 
2.868 

2.342 
2.327 
2.293 
2.330 
2.317 
2.291 
2.320 
2.355 
2.323 
2.344 
2.314 
2.288 
2.291 
2.334 
2.304 
2.312 
2.290 
2.303 
2.372 
2.321 
2.309 
2.286 
2.290 
2.296 
2.261 
2.273 
2.344 
2.283 
2.323 
2.296 
2.334 
2.325 
2.268 
2.308 
2.315 
2.315 

0.548 
0.560 
0.598 
0.559 
0.574 
0.597 
0.569 
0.538 
0.570 
0.550 
0.584 
0.602 
0.591 
0.555 
0.590 
0.580 
0.604 
0.591 
0.520 
0.568 
0.561 
0.577 
0.575 
0.584 
0.619 
0.600 
0.533 
0.577 
0.548 
0.574 
0.535 
0.544 
0.603 
0.561 
0.555 
0.553 

4.7 
4.6 
4.3 
4.6 
4.5 
4.3 
4.6 
4.8 
4.6 
4.7 
4.4 
4.3 
4.4 
4.7 
4.4 
4.5 
4.3 
4.4 
5.0 
4.6 
4.6 
4.5 
4.5 
4.4 
4.2 
4.3 
4.9 
4.5 
4.7 
4.5 
4.9 
4.8 
4.3 
4.6 
4.7 
4.7 

5.3 
5.2 
4.8 
5.2 
5.0 
4.8 
5.1 
5.4 
5.1 
5.3 
5.0 
4.8 
4.9 
5.2 
4.9 
5.0 
4.8 
4.9 
5.6 
5.1 
5.1 
5.0 
5.0 
4.9 
4.7 
4.8 
5.4 
5.0 
5.2 
5.0 
5.4 
5.3 
4.8 
5.1 
5.2 
5.2 

MEDIAN MEDIAN MEDIAN MINIMUM MINIMUM 
2.888 2.313 0.572 4.2 4.7 
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Table 9 RSRM-2A Center Field Joint Performance 

A SAFETY FACTOR OF 2.0 IS REQUIRED 

DEGREE PREFIRE POSTFIRE MDD CSF ASF 
LOCATION (INCHES) (INCHES) 

2.0 
10.0 
20.0 
30.0 
40.0 
50.0 
60.0 
70.0 
80.0 
90.0 

100.0 
110.0 
120.0 
130.0 
140.0 
150.0 
160.0 
170.0 
180.0 
190.0 
200.0 
210.0 
220.0 
230.0 
242.0 
250.0 
260.0 
270.0 
280.0 
290.0 
300.0 
310.0 
320.0 
330.0 
340.0 
350.0 

2.756 
2.764 
2.766 
2.776 
2.772 
2.783 
2.770 
2.757 
2.772 
2.778 
2.790 
2.770 
2.771 
2.766 
2.774 
2.784 
2.787 
2.786 
2.765 
2.740 
2.735 
2.742 
2.747 
2.745 
2.748 
2.742 
2.745 
2.770 
2.756 
2.765 
2.753 
2.752 
2.744 
2.750 
2.754 
2.748 

2.574 
2.532 
2.522 
2.471 
2.511 
2.566 
2.543 
2.540 
2.531 
2.587 
2.612 
2.570 
2.642 
2.538 
2.522 
2.538 
2.538 
2.559 
2.540 
2.533 
2.548 
2.518 
2.508 
2.525 
2.594 
2.540 
2.545 
2.560 
2.532 
2.549 
2.536 
2.511 
2.503 
2.500 
2.500 
2.495 

0.182 
0.232 
0.244 
0.305 
0.261 
0.217 
0.227 
0.217 
0.241 
0.191 
0.178 
0.200 
0.129 
0.228 
0.252 
0.246 
0.249 
0.227 
0.225 
0.207 
0.187 
0.224 
0.239 
0.220 
0.154 
0.202 
0.200 
0.210 
0.224 
0.216 
0.217 
0.241 
0.241 
0.250 
0.254 
0.253 

14.3 
11.2 
10.6 
8.5 
9.9 

12.0 
11.4 
12.0 
10.8 
13.6 
14.6 
13.0 
20.1 
11.4 
10.3 
10.5 
10.4 
11.4 
11.5 
12.5 
13.9 
11.6 
10.9 
11.8 
16.9 
12.8 
13.0 
12.4. 
11.6 
12.0 
12.0 
10.8 
10.8 
10.4 
10.2 
10.3 

15.1 
11.9 
11.3 
9.1 

10.6 
12.8 
12.2 
12.7 
11.5 
14.5 
15.7 
13.8 
21.5 
12.1 
11.0 
11.3 
11.2 
12.3 
12.3 
13.2 
14.6 
12.2 
11.5 
12.5 
17.8 
13.6 
13.7 
13.2 
12.3 
12.8 
12.7 
11.4 
11.4 
11.0 
10.8 
10.9 

MEDIAN MEDIAN MEDIAN MINIMUM MINIMUM 
2.764 2.538 0.225 8.5 9.1 
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* *  
Table 10 RSRM-2A Forward Field Joint Performance 

A SAFETY FACTOR OF 2.0 IS REQUIRED 

DEGREE PREFIRE POSTFIRE MDD CSF AS F 
LOCATION (INCHES) (INCHES) 

2.0 
10.0 
20.0 
30.0 
40.0 
50.0 
60.0 
70.0 
80.0 
90.0 

100.0 
110.0 
120.0 
130.0 
140.0 
150.0 
160.0 
170.0 
180.0 
190.0 
200.0 
210.0 
220.0 
230.0 
242.0 
250.0 
260.0 
270.0 
280.0 
290.0 
300.0 
310.0 
320.0 
330.0 
340.0 
350.0 

Rev A 

2.783 
2.774 
2.781 
2.784 
2.776 
2.778 
2.785 
2.795 
2.780 
2.784 
2.768 
2.804 
2.765 
2.756 
2.780 
2.758 
2.773 
2.775 
2.755 
2.753 
2.762 
2.750 
2.745 
2.751 
2.755 
2.750 
2.760 
2.755 
2.753 
2.754 
2.741 
2.769 
2.761 
2.742 
2.746 
2.756 

MEDIAN 
2.761 

2.612 
2.630 
2.648 
2.571 
2.577 
2.645 
2.593 
2.578 
2.589 
2.568 
2.602 
2.628 
2.636 
2.626 
2.596 
2.659 
2.626 
2.652 
2.612 
2.590 
2.612 
2.611 
2.584 
2.631 
2.595 
2.620 
2.591 
2.614 
2.640 
2.600 
2.632 
2.581 
2.582 
2.563 
2.579 
2.571 

MEDIAN 
2.606 

0.171 
0.144 
0.133 
0.213 
0.199 
0.133 
0.192 
0.217 
0.191 
0.216 
0.166 
0.176 
0.129 
0.130 
0.184 
0.099 
0.147 
0.123 
0.143 
0.163 
0.150 
0.139 
0.161 
0.120 
0.160 
0.130 
0.169 
0.141 
0.113 
0.154 
0.109 
0.188 
0.179 
0.179 
0.167 
0.185 

MEDIAN 
0.160 

15.2 
18.0 
19.5 
12.2 
13.0 
19.5 
13.5 
12.0 
13.6 
12.0 
15.6 
14.7 
20.1 
20.0 
14.1 
26.2 
17.7 
21.1 
18.1 
15.9 
17.3 
18.7 
16.1 
21.6 
16.2 
20.0 
15.4 
18.4 
23.0 
16.9 
23.8 
13.8 
14.5 
14.5 
15.5 
14.0 

MINIMUM 
12.0 

16.3 
19.3 
20.9 
13.1 
13.9 
20.9 
14.5 
12.9 
14.6 
12.9 
16.7 
15.9 
21.4 
21.2 
15.1 
27.9 
18.9 
22.6 
19.3 
16.9 
18.4 
19.8 
17.0 
22.9 
17.2 
21.2 
16.3 
19.5 
24.4 
17.9 
25.1 
14.7 
15.4 
15.3 
16.4 
14.9 

MINIMUM 
12.9 
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Table 17 RSRM-2B Nozzle to Case Joint Performance 

A SAFETY FACTOR OF 2.0 IS REQUIRED 

DEGREE PREFIRE POSTFIRE MDD CSF AS F 
LOCATION (INCHES) (INCHES) 

0.0 
21.6 
46.8 
68.4 
90.0 

111.6 
136.8 
158.4 
180.0 
201.6 
226.8 
248.4 
270.0 
291.6 
316.8 
338.4 

5.519 
5.529 
5.521 
5.500 
5.523 
5.488 
5.517 
5.465 
5.530 
5.514 
5.528 
5.506 
5.528 
5.525 
5.522 
5.504 

4.569 
5.040 
4.835 
5.035 
5.070 
5.505 
4.415 
4.724 
4.900 
4.282 
4.570 
4.960 
4.915 
4.580 
4.595 
4.722 

0.950 
0.489 
0.686 
0.465 
0.453 
0.000 
1.102 
0.741 
0.630 
1.232 
0.958 
0.546 
0.613 
0.945 
0.927 
0.782 

5.2 
10.0 
7.1 

10.5 
10.8 

4.4 
6.6 
7.8 
4.0 
5.1 
9.0 
8.0 
5.2 
5.3 
6.3 

+ 

5.8 
11.3 
8.0 

11.8 
12.2 

5.0 
7.4 
8.8 
4.5 
5.8 

10.1 
9.0 
5.8 
6.0 
7 .0  

+ 

MEDIAN MEDIAN MEDIAN MINIMUM MINIMUM 
5.520 4.780 0.714 4.0 4.5 

Rev A 

A " + " INDICATES THAT NEGLIGIBLE MATERIAL 
DECOMPOSITION HAS OCCURRED. 
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Table 18 - RSRM-2B Aft Field Joint Performance 

A SAFETY FACTOR OF 2.0 IS REQUIRED 

DEGREE PREFIRE POSTFIRE MDD CSF AS F 
LOCATION (INCHES) (INCHES) 

2.0 
10.0 
20.0 
30.0 
40.0 
50.0 
60.0 
70.0 
80.0 
90.0 

100.0 
110.0 
120.0 
130.0 
140.0 
150.0 
160.0 
170.0 
180.0 
190.0 
200.0 
210.0 
220.0 
230.0 
242.0 
250.0 
260.0 
270.0 
280.0 
290.0 
300.0 
310.0 
320.0 
330.0 
340.0 
350.0 

1 

Rev A 

2.768 2.315 
2.775 2.292 
2.791 2.312 
2.794 2.356 
2.795 2.326 
2.787 2.342 
2.782 2.355 
2.777 2.356 
2.777 2.337 
2.760 2.335 
2.773 2.343 
2.790 
2.774 
2.781 
2.786 
2.795 
2.796 
2.775 
2.760 
2.771 
2.774 
2.774 
2.775 
2.775 
2.777 
2.775 
2.769 
2.761 
2.748 
2.758 
2.762 
2.768 
2.760 
2.770 
2.770 
2.785 

MEDIAN 
2.775 

2.332 
2.256 
2.334 
2.358 
2.408 
2.393 
2.366 
2.422 
2.396 
2.366 
2.368 
2.350 
2.303 
2.321 
2.359 
2.305 
2.313 
2.310 
2.288 
2.302 
2.314 
2.315 
2.308 
2.325 
2.295 

MEDIAN 
2.333 

0.453 
0.483 
0.479 
0.438 
0.469 
0.445 
0.427 
0.421 
0.440 
0.425 
0.430 
0.458 
0.518 
0.447 
0.428 
0.387 
0.403 
0.409 
0.338 
0.375 
0.408 
0.406 
0.425 
0.472 
0.456 
0.416 
0.464 
0.448 
0.438 
0.470 
0.460 
0.454 
0.445 
0.462 
0.445 
0.490 

MEDIAN 
0.445 

5.7 
5.4 
5.4 
5.9 
5.5 
5.8 
6.1 
6.2 
5.9 
6.1 
6.0 
5.7 
5.0 
5.8 
6.1 
6.7 
6.4 
6.3 
7.7 
6.9 
6.4 
6.4 
6.1 
5.5 
5.7 
6.2 
5.6 
5.8 
5.9 
5.5 
5.6 
5.7 
5.8 
5.6 
5.8 
5.3 

6.1 
5.7 
5.8 
6.4 
6.0 
6.3 
6.5 
6.6 
6.3 
6.5 
6.4 
6.1 
5.4 
6.2 
6.5 
7.2 
6.9 
6.8 
8.2 
7.4 
6.8 
6.8 
6.5 
5.9 
6.1 
6.7 
6.0 
6.2 
6.3 
5.9 
6.0 
6.1 
6.2 
6.0 
6.2 
5.7 

MINIMUM MINIMUM 
5.0 5.4 
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Table 19 RSRM-2B Center Field Joint Performance 

A SAFETY FACTOR OF 2.0 IS REQUIRED 

DEGREE PREFIRE POSTFIRE MDD CSF ASF 
LOCATION (INCHES) (INCHES) 

2.0 
10.0 
20.0 
30.0 
40.0 
50.0 
60.0 
70.0 
80.0 
90.0 

100.0 
110.0 
120.0 
130.0 
140.0 
150.0 
160.0 
170.0 
180.0 
190.0 
200.0 
210.0 
220.0 
230.0 
242.0 
250.0 
260.0 
270.0 
280.0 
290.0 
300.0 
310.0 
320.0 
330.0 
340.0 
350.0 

Rev A 

I 
~ 

2.711 
2.732 
2.736 
2.728 
2.731 
2.720 
2.724 
2.742 
2.739 
2.745 
2.749 
2.750 
2.737 
2.738 
2.716 
2.700 
2.724 
2.681 
2.682 
2.669 
2.652 
2.661 
2.768 
2.644 
2.634 
2.659 
2.668 
2.672 
2.643 
2.659 
2.664 
2.662 
2.658 
2.674 
2.675 
2.716 

2.503 
2.521 
2.597 
2.593 
2.557 
2.553 
2.549 
2.563 
2.586 
2.548 
2.510 
2.532 
2.520 
2.536 
2.543 
2.528 
2.505 
2.542 
2.589 
2.580 
2.548 
2.570 
2.572 
2.564 
2.526 
2.550 
2.561 
2.555 
2.552 
2.509 
2.540 
2.563 
2.553 
2.541 
2.517 
2.535 

0.208 
0.211 
0.139 
0.135 
0.174 
0.167 
0.175 
0.179 
0.153 
0.197 
0.239 
0.218 
0.217 
0.202 
0.173 
0.172 
0.219 
0.139 
0.093 
0.089 
0.104 
0.091 
0.196 
0.080 
0.108 
0.109 
0.107 
0.117 
0.091 
0.150 
0.124 
0.099 
0.105 
0.133 
0.158 
0.181 

12.5 
12.3 
18.7 
19.2 
14.9 
15.5 
14.8 
14.5 
17.0 
13.2 
10.9 
11.9 
12.0 
12.8 
15.0 
15.1 
11.8 
18.7 
27.9 
29.2 
25.0 
28.5 
13.2 
32.4 
24.0 
23.8 
24.3 
22.2 
28.5 
17.3 
20.9 
26.2 
24.7 
19.5 
16.4 
14.3 

13.0 
12.9 
19.7 
20.2 
15.7 
16.3 
15.6 
15.3 
17.9 
13.9 
11.5 
12.6 
12.6 
13.6 
15.7 
15.7 
12.4 
19.3 
28.8 
30.0 
25.5 
29.2 
14.1 
33.1 
24.4 
24.4 
24.9 
22.8 
29.0 
17.7 
21.5 
26.9 
25.3 
20.1 
16.9 
15.0 

MEDIAN MEDIAN MEDIAN MINIMUM MINIMUM 
10.9 11.5 2.706 2.549 0.151 
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Table 20 - RSRM-2B Forward Field Joint Performance 

A SAFETY FACTOR OF 2.0 IS REQUIRED 

DEGREE PREFIRE POSTFIRE MDD CSF ASF 
LOCATION (INCHES) (INCHES) 

2.0 
10.0 
20.0 
30.0 
40.0 
50.0 
60.0 
70.0 
80.0 
90.0 

100.0 
110.0 
120.0 
130.0 
140.0 
150.0 
160.0 
170.0 
180.0 
190.0 
200.0 
210.0 
220.0 
230.0 
242.0 
250.0 
260.0 
270.0 
280.0 
290.0 
300.0 
310.0 
320.0 
330.0 
340.0 
350.0 

2.773 
2.782 
2.771 
2.770 
2.772 
2.765 
2.767 
2.722 
2.736 
2.706 
2.710 
2.743 
2.756 
2.740 
2.775 
2.768 
2.759 
2.779 
2.761 
2.732 
2.740 
2.735 
2.750 
2.715 
2.748 
2.743 
2.738 
2.744 
2.721 
2.726 
2.722 
2.730 
2.733 
2.728 
2.745 
2,732 

2.818 
2.668 
2.769 
2.590 
2.621 
2.584 
2.592 
2.611 
2.595 
2.658 
2.618 
2.601 
2.603 
2.574 
2.561 
2.590 
2.598 
2.592 
2.648 
2.520 
2.579 
2.597 
2.571 
2.594 
2.580 
2.565 
2.604 
2.639 
2.620 
2.625 
2.594 
2.574 
2.605 
2.613 
2.583 
2.580 

0.000 
0.114 
0.002 
0.180 
0.151 
0.181 
0.175 
0.111 
0.141 
0.048 
0.092 
0.142 
0.153 
0.166 
0.214 
0.178 
0.161 
0.187 
0.113 
0.212 
0.161 
0.138 
0.179 
0.121 
0.168 
0.178 
0.134 
0.105 
0.101 
0.101 
0.128 
0.156 
0.128 
0.115 
0.162 
0.152 

+ 
22.8 

14.4 
17.2 
14.3 
14.8 
23.4 
18.4 
54.1 
28.2 
18.3 
17.0 
15.6 
12.1 
14.6 
16.1 
13.9 
23.0 
12.2 
16.1 
18.8 
14.5 
21.4 
15.4 
14.6 
19.4 
24.7 
25.7 
25.7 
20.3 
16.6 
20.3 
22.6 
16.0 
17.1 

+ 
+ 

24.4 

15.4 
18.4 
15.3 
15.8 
24.5 
19.4 
56.4 
29.5 
19.3 
18.0 
16.5 
13.0 
15.6 
17.1 
14.9 
24.4 
12.9 
17.0 
19.8 
15.4 
22.4 
16.4 
15.4 
20.4 
26.1 
26.9 
27.0 
21.3 
17.5 
21.4 
23.7 
16.9 
18.0 

+ 

MEDIAN MEDIAN MEDIAN MINIMUM MINIMUM 
2.743 2.596 0.146 12.1 12.9 

A " + " INDICATES THAT NEGLIGIBLE MATERIAL 
DECOMPOSITION HAS OCCURRED. 
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Motor No.: RsIM-2A 

Factory Joint: 0 Aft/Ctr segment Cylinder/Cylinder 
0 ForwardSegmentDome/Cylinder 0 Aft S q m t  ET AttaMStiffener 

0 Forward Segment Cylinder/Cylinder 0 Aft Segment Stiffener/Stiffener 
0 Forward Center Sgnmt CylindedQlMer prJ Aft segment Stiffenermlne 

Rate: 5DeCember1988 Time: 1O:OO a.m. 

~ weatherseal wition 

~ A* 
B. 

C. 

D. 

~ 

I 

! E. 

I F. 

I 

I 

Discolored? 

Charred Material? 

Moisture Mer Seal? 

Missing Material? 

Edge Separation? 

Impact Ranrage? 

no 1, 3 

no 1 

X n o  

x n o  

no 2 

x n o  

1 . Forward facing surface slightly heat affected (light brown color) 220" - 270" - 320". Outboard 
surface (dark brown) and aft facing surface (gray) slight charring, imneasurab le ablation 195" - 
270° - Oo. Heaviest at 270". 

2. Edge unbond .OK) in. depth max. 200" - 230" noted on the f o d  edge of wezkherseal. 

3. Slight heat effect (light brown) on forward face of weatherseal on protuberance from hatband 
joint at 30". 

4 .  A small section (- 2 in.) of weatherseal was r e m o v e d  at 270" (down position) on 12 December 
1988. A very small a m m t  of water came out. The area was greased, and no inore weatherseal was 
removed. 'here wre no DFI wires at 270°, ht there wre wires covered with cork at the systgns 
tunnel (90") where water could have penetrated the ~ t h e r s e a l .  
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Table A-2 
RSRM-2A Aft Sqgnmt Stiffener to Stiffener Factory Joint Weatherseal Evaluation 

Motor No.: I 2 A  Jhte: 5 Decmber 1968 Time: 9 5 5  a.m. 

Factory Joint: 0 Aft/Ctr segmnt Cylinder/cylinder 
0 ForwardSeg7nentWQlMer 0 Aft Sgmmt ET AttaMStiffener 

FoLward Segment CylMer/Cylinder Aft segmnt Stiffener/Stiffener 

r 

Weathersd M i  tion 

A. Discolored? 

B. CharredMaterial? 

c. Moisturelliderseal? 

D. Missing Material? 

I E'. Impact Dmage? 

Carment 
NLsnberS 

x y e s -  no 1 

1 

y e s -  x n o  

x n o  - 

' 1. FSDM heat effected on outboard surface fmn 250° - 270° - 303'. 'Rm smll blisters (bmwn 
colored, light heat effect) (0.25 in. dim.) an aft edge of weathersedl at 270O. k v y  heat 
effect (sliht charring, imneasurable ablation) fran 195O - 270° - Oo on aft edge (gray color). 
Heaviest heat effect at 270O. 
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Motor No.: RSRM-2A Date: 5 December 1W 
- ~~ 

Inspector(s): Scott Manz;, Hal Huppi 
, 

Time: 9:45 a.m. 

1 Factory Joint: Aft/Ctr segment Cylinder/c$dinder 

Aft Sqmmt ET AttaMStiffener 

0 Aft segment Stiffener/Stiffener 
0 Forward Center Sqmnt Cylhder/Cylhder 0 Aft sqnl3lt Stifferlerrn 

I A. 
I 

B. 

C. I D. 

E. 

F. 
, 

Discolored? 

Charred Material? 

Moisture Under Seal? 

Missing Material? 

&lge Separation? 

Impact mlmge? 

X 

X 

X 

110 1 

no 1 

110 

no 

no 

rKl 

b tes/- ts : 

1. Charring;, heat effected aft face of weatherseal 210° - 330° (gray color). 
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Table A-4 
-2A Aft Center segment Factory Joint Weatherseal Evaluation 

. 
Motor No.: RS3M-U Date: 5 Decenber 1988 Time: 9:40 a.m. 

Factory Joint : 

1 0 ForwardSegmentWCylinder 0 Aft S q p n t  ET AttaWStiffener 

0 Forward !Segment CylindedCylinder 0 Aft Sqmrit Stiffener/Stiffener 

0 Forward Center S€gmmt Cylinder/Cylinder 0 Aft Sqmrit S t i f fenermm 

Weatherseal Condition 

A. Discolored? 

B. CharredMaterial? 

C. MoistureWer Seal? 

D. Missing Material? 

E. EdgeSeparation? 

F. Impact bmge? 

y e s -  x n o  

y e s -  X m  

X y e S -  no 1 

y e s -  x n o  

x n o  

1 1. Missing mterial caused by debris on a f t  edge of joint 1.5 in. circ. X 0.4 in. axial X 0.080 in. 
I deep at 190". 

2. Glob of material (appears to be paint) on aft edge of weatherseal at lao, 0.45 in. circ. X 0.25 
in. a c i d y  x 0.10 in. tei&t. NO artverse effect. 1 * -  
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' Table A-5 
RER4-a Forward Center segment Factory Joint Weatherd Evaluation 

- 
Motor No.: RSRM-U M e :  5December 1988 Time: 9:40 a.m. 

Factory Joint: 0 Aft/Ctr m t  Cylinder/Qlimier 

0 ForwardSegrnentWCylinder 0 Aft Segment ET AttaWStiffener 
0 Forward Segment Cylinder/Cylinder 0 Aft segment Stiffener/Stiffener 
Ix( Forward Center !%gmt Cylinder/Cylinder 0 Aft Segment Stiffener- 

Weather& Cadition 

A. Discolored? 

I B. CharredMaterial? 

C. MoistureUndersBal? 

i D. Missing Material? 

E. EdgeSeparation? 

F. Impact Damage? 

I 

x n o  

1 

~~ 

1. Water was dripping out of weatherseal at instnnnmtation wires at 10' and 190°. No missing 
material. A rust color was evident. A squawk was written on this on 5 December 1988. 

ltro debris tmrlcs on aft face of weatherseal at 1E0, 3 in. circ. X 0.5 in. axial X 0.10 in. 
deep. at 120' approx. 1 in. diameter X 0.20 in. deep. 

3. Water was leaking out of the DFI wires at 270' after the segment had been sitting w i t h  270° down 
for a few days after hydrolasing. A section of weatherseal approx. 10 in. wide circ. was 
raved (also DFI wire location) on 12 ~ecember 1988. wtm the segmt was rotated to locate 00 
down, a significant amount of water came out. The exposed metal near Oo was thm covered, and 
no mre weathemeal was removed. 

2. 

1 
' 

1 
I 

. -  

I. 
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Table A< 
I RSRM-2 Forward !3gmmt Cylinder to Cylinder Factory Joint W e a m  W u a t i o n  

- 
~ Motor No.: I6RFl-a kte: 5 December 1988 Time: 9:x) a.m. 

Factory Joint: 

0 Aft Scgmt ET AttaWStiffener 

Forward !3gmmt Cylinder/Cylinder 0 Aft !3gmmt Stiffener/Stiffener 

0 Forward Center segment Cylinder/CylMer 0 Aft segment S t i f f € ¶ l e r h  

Comnent 
W e a t h e r d  Condition NunberS 

~ A. Discolored? 

B. Charredkterial? Y e s -  x m  

~ D. Missing Material? 

E. EdgeSeparation? 

x Yes m 1 

x n o  - 
I x n o  F. Impact Ilanrage? y e s -  

1 1. Debris nrark at 120° 1.0 in circ. X 0.5 in. axial X 0.2 in. deep on a f t  face of weatherseal. 

. .  

I -  
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Table A-7 
RSEU4-a Forward Dane Factory Joint Weatherd Evaluation 

- 
Motor No.: RSW4-U hte: 5December 1988 Time: 9:lO a.m. 

ForwardSepentDome/Cylinder 0 Aft !3pmt ET AttaWStiffener 
0 Forward !3gnent Cylincler/Cylinder 0 Aft segment Stiffener/Stiffener 

I 0 Forward Center !3pmt Cylinder/Cylinder 0 Aft se&mmt Stiffener/Dane 

Weatherseal Condition 

A. Discolored? 

B. CharredMaterial? 

C. MoistureWer Seal? 

D. Missing Material? 

E. J3dgeSepration? 

~ F. Impact bmge? 

Comnent 
ManberS 

P tes/Comnen t s : 
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Table A-8 
R3RM-a Aft Stiffener Rirlg Tps Evaluation Before Ring Removal 

- 
Motor No.: RsRM-2A Date: 5 December 1988 Time: 11:W a.m. 

Stiffener Rinp;/Stub TPS Condition 

A. Discolored? 

B. Blistered Paint? 

X 

c. Heat AffectWCharred kterial? X 

D. Missing Material/Gouges? X 

E. Insulation to Case Separations? 

F. Tears? 

G. Impact Damage? 

yes 

yes 

Yes 

yes 

Y e  

Yes 

Yes 

X 

X 

X 

X 

no 

no 

no 

Garment 
NunberS 

1 

1 

no 2 

no 

no 

no 

t es/- ts : 

1. Heat effect, charred material with imneasurab le ablation (brown color) on the outboard surface, 
forward edge and aft edge from 220' - 270° - 320'. Slight heat effect on forward edge (gray 
brown color) from 60' - 180° - 220'. 

2. Area of missing material due to heat effect and ablation on forward edge of ring at 270°, 1.0 
in. circ. X 0.3 in. axial X 0.020 in. depth. 'Ihere were also sane areas that appeared to be cut 
by the hydrolasing on the aft edge. 

,- 

Rev A TWR- 1 7 5 4 1 V O l .  111 

Page 157 * 



Table A-9 
RSRM-U Center Stiffener Ring TPS hraluation Before Ring Remwal 

- 
I Motor No.: RsRM-2A Date: 5December 1988 Time: 11:35 a.m. 

I 0 Forward Stiff- Ring (1657.65) Aft Stiffener Ring (1777.46) 
I I 

I 

,tes/Comnents: 

1. HBat effect, charred material with imneasurable ablation (brown color) on the outboard surface, 
forward edge and aft edge (which is not covered by foam) fran 220° - 270° - 3 2 0 O .  Light heat 
effect on forward edge (gray brawn color) fran 60° - 180° - 220O. 

t 

Stiffener Ring/Stub TPS Condition 

A. Discolored? 

Comnent 
NunberS 

no 1 

I B. Blistered Paint? 

I C. Heat AffectdCharred Material? no 1 I 
D. Missing Material/Gouges? 

x n o  E. Insulatim to Case Separations? yes - 
I 
I F. Tears? 
I 

x n o  y= - 

.- 

I 
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Table A-10 
RSRM-2A Forward Stiffener Ring Tps Rmluation Before Ring Removal 

. 
Motor No.: RSRM-a IBte: 5December 1988 Tinre: 11:W a.m. 

0 Forward Stiffener Stub (1613.62) 
Forward Stiffener Ring (1657.65) 

x n o  yes - G. Impact Damge? 
- 

1 tes/(=omnen ts : 

1. Heat effect, charred rmterial with imnsasurable ablation (brown color) on the outboard surface, 
forward edge and aft edge (which is not covered by foam) fmn 220' - 270' - 320'. Light heat 
effect on forward edge (gray brawn color) from 60' - 180' - 220'. 

0 Center Stiffener Ring (1733.43) 

Aft Stiffener Ring (1777.46) 

Carment 
Stiffener Ring/Stub "€5 Condition NUIlberS 

A. Discolored? 

B. Blistered Paint? 

1 

x n o  - 
I X no 1 - C. Heat Affected/Charred Material? 

D. Missing Material/Gouges? 
I 

x n o  - y= 1 E. Insulation to Case Separations? 

x n o  - F. Tears? 

* -  
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Table A-11 
-2A Forward Stiffener Stub TPS Evaluation 

0 

Motor No.: RSU4-U hte: 5December 1988 Tim: 11:Z a.m. 

Forward Stiffener Stub (1613.62) 

0 Forward Stiffener Ring (1657.65) 

circmference. The heaviest heat effect occurred from 220" - 270" - 320". k t  effect also on 
aft face and forward edge fran 220' - 270" - 320'. 

0 Center Stiffener Ring (1733.43) 

0 Aft Stiffener Ehg (1777.46) 

Stiffener Rim/Stub TPS Condition 

A. Discolored? 

B. Blistered Paint? 

C. Heat Affected/Charred Material? 

D. Missing Material/Gouges? 

E. Insulation to (%e Separation? 

F. Tears? 

G. Impact Ihmge? 

I 

X 

X 

X 

X 

no 

no 

no 

no 

no 

no 

no 

Garment 
NunberS 

1 

1 

2 

2. Four areas appeared to not have had any KSNA applied prefire 95" - looo, 110." - 1E0, 135" - 
lao, and 170" - 180". 

I -  
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Table A-12 
Stiffener Ring segment TFS Evaluation After Ring Remwal 

I Motor No.: RSRM-2A & RSRM-2B hte: 10 Dember 1988 Time: 1:oO p.m. 

0 Forward Stiffener Stub (1613.62) 

Forward Stiffener R 3 - g  (1657.65) 

t Garment 
Stiffener -/Stub TFS Condition EJunbers 

Center Stiffener Ring (1733.43) 

Aft Stiffener Ring (1777.46) 

A. Discolored? 1 

B. Blistered Paint? - y e s -  x n o  

c. Heat Affected/- Material? - y e s -  X no 1 

D. Missing Material/Gouges? 

E. Insulation to Case Separations? 

- y e s -  X no 2 

a - y e s -  X no 

I G. Impact Danmge? 

he stiffener rings wre inspected again after they m e  remo~ed from the case. 

Discoloration and heat effects fran 220° - 320° as noted during open assessment. 

Several areas of missing material and due to hydrolasing operation. 

Insulation to case separations wre noted on sane of the ends of the stiffener ring sqpmts, 
where the splice plates are located. The separations wre mainly located on the inboard face 
near the comer both aft and forward of the stub, but they wre also located on the aft and 
forward faces and the outboard face of the ring. 35 of the 108 ring end locations (forward 
in- comer, aft inboard comer, outboard face) of the 18 ring sections had separations 
rartgirtg in depth from 0.5 to 47 inches. Ncne of these separations were isolated; they all 
extended fran an end. "here was no heat effect or sooting underneath the insulation, but 
corrosion was evident. The separations may have been initiated, caused, or worsened by the 
hydrolasing operations or at splasMuwn. 

A sample of the stiffener ring innilation was removed fran the left hand center ring at 210° on 
the forward face of the ring. 
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Table A-13 
RSRM-2A Nozzle to Case Joint Insulation Evaluation 

0 X pdhesive at phenolic Interface 

>tes/Comnents: 

Motor No.: RSRM-2A I Date: 13 December 1988 

4. KSC Bondline Measurements (Fmn Nozzle Boss Aft Face) 

(1) Material Rmainiq (Not includirg char)* 
(2) Inboard Polysulfide 
(3) Outboard Heat Affected Polysulfide 

I 

I Inspector(s): Scott Manz, Steve Hicken 
, 

00 900 1800 270' 

7.00 in. 7.25 in. 7.00 in. 7.38 in. 
6.12 in. 6.25 in. 6.12 in. 6.25 in. 
5.62 in. 5.75 in. 5.75 in. 6.00 in. 

I I. voids? 

1 2 .  &Paths? 

I 3. Soot? I 4 .  ForeignMaterial? 

1 6 .  Aft Dome Edge Separations? 

- y e s -  x n o  I 
X no 2 - yes - I 

x n o  5 - 7. Baffle Torn? 

~ 8.  Polysulfide in Vent Slots? - y e s -  X no 3 

1 9. Polysulfide Failure Mode 20 4: pdhesive at NBR Interface 80 X Chkive 

1. Two voids aft of step. (he at X)9.6', 0.80 in. axial X 0.25 in. circ. m., 4.78 in. from 
nozzle boss to forward edge of void. Another void at 252.0°, 0.65 in. axial X 0.28 in. wide, 
3.65 in. from nozzle boss to forward edge of void, b t  extends to wiper O-ring, 1.30 from 
step region, 0.10 from wiper. Both voids in line with wiper vent slots. No voids forward of 
step. About five other very small voids are evident aft of step. 

~ 2. Very slight porosity in step region. 

~ 3. Slightly less than normal polysulfide in vent slots. 

* Aprroximtely 0.50 - 0.75 in. of char on forward end of bondline f u l l  circderence. 

.- 
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Table A-13 Cont'd 
RSU4-a Nozzle to Case Joint Muation 

Clearfield Final B c d . h  Meesurement~ 

(1) (2) (3) 
Degree Material Inboard mtboard 

Location Ifmdniq polysulride Polrsulfide 

0 7.001 6.136 5.511 
21.6 6.973 6.178 5.681 
46.8 6.859 6.061 5.609 
68.4 6.996 6.287 5.829 
90.0 6.954 6.184 5.739 
111.6 6.%2 6.177 5.769 
136.8 7.139 6.198 6.117 
158.4 7.064 6.245 5.607 
1W.O 6.805 6.095 5.693 
201.6 6.842 6.168 5.690 
226.8 6.981 6.218 5.735 
248.4 7.220 6.269 5.810 
270.0 6.972 6.228 5.640 
291.6 6.940 6.070 5.577 
316.8 6.945 6.134 5.739 
338.4 7.114 6.063 5.652 

'- 1 I 
1 

1- 2 - 

5. Slight f h p h f f l e  damge at 252O fran disassembly, apprmr. 8-10 in. wide circunferentially. 
'Ihis also caused a rub &on the nozzle in this degree location. 
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Table A-14 
RSRM-2A Aft Field Joint Insulation Eivaluation 

0 

Hotor No.: RsIIH-2A 
~~~ ~~ ~~~ ~ 

Date: 11 Decder 1988 Time: 530 p.m. 

Field Joint: 0 Forward 0 Center pg Aft 

1. Areas of Non-amtact? 
2. Gaspaths? 
3. Soot? 
4. T q  Heat Affected Material? 
5. ForeignMaterial? 
6. ClevisEdgeSeparations? 

- 
X 
X 

X 

yes 
yes 
yes 
Yes 
Y e s  
yes 

x n o  
x n o  

no 
no 

x n o  
no 

Tang bd Measurements 

Location 

0' 
90' 
180' 
270' 

(1) 

Nochar 
3.15 
3.15 
3.00 

(2) 

2.90 
2.90 
2.90 
2.85 

(3) 

2.50 
2.60 
2.55 
2.50 

Badline 
Contact * 

1.00 
1.35 
1.10 
1.10 

Note: 
f o l l w  measurenents are taken fran the inner diameter of the tang leg ("2): 
Depth (1) - to the t i p  of the reminhg material 
Depth (2) - to the outboard edge of the char layer 
Depth (3) - to the outboard edge of the heat affected mterial*, 

Liocatian based on the tan discoloration of the adhesive. 
Measurement taken fran the outboard edge of the char layer to the outboard extent of contact. 

(i.e. a measurenent of the virgin material redning). * 
* 

No tes/C<rrments : 

1. Light soot in badline fmn 65' - 80' on clevis insulation m. 0.30 in. fran mterial -. Hdr less soot than seen in RSRM-B joints and none on tang. 

2. See heat effect measurements above. N o d  erosion and heat effect. 

3. Only edge separations > .lo depth were dacunented. 
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Table A-14 (bt'd) 
RSEM-2 Aft Field Joint hulation Evaluation 

Measurements: (1)* Redning char was rinsed out. Measurement was not taken. 
(2) 
(3) 

To the outboard edge of the char layer. 
To the outboard edge of the k t  affected material (i.e. measurement of 
the vi- nraterial mmining. 

Clearfield F W  
clevis &Id Measurement 

h t i m  (1)* (2) (3) r.LItxlticn (1)* (2) (3) 
I Degree Measurements: DEy3r€e Measurements: 

5 2.772 2.646 180 2.802 2.681 
10 2.757 2.606 190 2.751 2.541 
20 2.723 2.594 200 2.739 2.524 

ClearfieldFinal - 
Tang Elxi Measurement 
Degree Measurements: 
Lcation (1)* (2) (3) I 

2 2.700 2.438 
10 2.695 2.371 
20 2.665 2.408 
30 2.645 2.448 
40 2.655 2.432 
50 2.703 2.400 
60 2.715 2.400 
70 2.722 2.264 
80 2.738 2.400 
90 2.742 2.425 

100 2.734 2.449 
110 2.677 2.388 
120 2.644 2.359 
130 2.722 2.359 
140 2.716 2.381 
150 2.691 2.279 
160 2.680 2.306 
170 2.704 2.330 

* Nocharmminedafterrhe. 

Degree Measurements: 
Location (1)* (2) 

180 2.720 
190 2.693 
200 2.695 
210 2.700 
220 2.667 
230 2.700 
242 2.650 
w) 2 . m  
260 2.695 
270 2.648 
280 2.718 
290 2.744 
300 2.665 
310 2.695 
320 2.700 
330 2.722 
340 2.764 
350 2.716 

(3) 
2.422 
2.379 
2.400 
2.390 
2.374 
2.400 
2.211 
2.280 
2.378 
2.400 
2.445 
2.520 
2.367 
2.400 
2.468 
2.424 
2.413 
2.405 
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Table A-14 (Cont'd) 
RSU4-a Aft Field Joint Insulation Evaluation 

Motor No.: RSM-24 Date: 11 December 1988 Time: 4:25 p.m. 

Inspector(s): Scott h, Steve Hicken 

4. Appears to have been repaired prefire. 

Correspcnding Camrent Nunber 3 

Rev A. 

Edge 
Sparation 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 
~ t s / N o t ~ :  
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Center Ci rcunferen t id I43ximn hid Growth Ran 
Degree Width (in.) Depth (in.) Prefire Unrepaired 
h t i a l  Condition 

8 O  3.15 0.25 0.10 

41 O 1.60 0.25 0.13 

43O 0.60 0.25 0.11 

5 4 0  0.40 0.25 0. I5 

8 8 O  0.45 0.12 0.02 

129O 0.80 0.20 0.02 

136O 4.30 0.20 0 

149' 3.10 0.21 0.10 

226' 0.50 0.15 0 

275O 0.50 0.20 0.03 

327O 0.80 0.25 0.03 

- 

- 



Table A-l5 
RSU4-a Center Field Joint Insulation Evaluation 

Motor No.: RsaK-2A kte: 11 Decaber 1968 Time: 6:W p.m. 

Inspector(s): Scott Hanz, Steve Hicken, Cary RaLston 

Field Joint : 0 Forward Center 

1. Areas of Nal-mltact? 
2. Gaspaths? 
3. Soot? 
4. Targ Heat Affected Material? 
5. Fore@ Material? 
6.  ClevisEdgeSeparaticns? 

y = -  x m  
x y = -  m 2 

Location 

0' 
9oo 
180' 
270' 

(1) 

3.20 
E-zE 
3.30 
3.30 

(2) 

3.10 
3.15 
3.15 
3.10 

- (3) 

2.85 
2.75 
2.80 
2.85 

Cantact ** 

1.10 
1.15 
1.30 
1.10 

Max 118O 1.50 
Min 

Note: 
'Ihe f o l l w  measurements are taken fran the h e r  diameter of the targ leg ("-G): 

Depth (1) - to the tip of the material 
Depth (2) - to the outboard edge of the char layer 
eepth (3) - to the outboard edge of the heat affected mterial*, 

Measurement taken fran the outboard edge of the char layer to the outboard extent of contact. 

(i.e. a measurerPnt of the virgin mterid -). * htim based an the tan discoloratian of the adhesive. 
** 

1. Nonml tarlg heat effect and erosian as Shawn in the measwenents above. 

2. Only edge separatians > 0.10 depth wre docmerited (See attached sheet). 

3. Oune cracks in clevis irwiLatitm wre noted mainly in the radius region from 220° - 270' - 
300'. 'Ihese cracks were docmerited on prefire W s ,  a d  postfire results indicate they did not 
open up, and they did rnt affect joint perfrunance. 
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Table A-Si (Gnt‘d) 
RSR4-a Center Field Joint Imdation Evaluation 

Clearfield Final 
Tang W lkasummt 

Location (1)* (2) 
Degree Measurements: 

2 2.906 
10 2.870 
20 2.910 
30 2.932 
40 2.922 

Degree Measurements: 
(3) Location (1)* (2) (3) 
2.858 180 2.863 2.503 
2.735 190 2.868 2.558 
2.885 200 2.895 2.647 
2.862 210 2.909 2.848 
2.908 220 2.868 2.736 

50 2.902 2.836 
60 2.950 2.836 
70 2.958 2.740 
80 2.928 2.624 
90 2.916 2.310 
100 2.849 2.759 
110 2.814 2.603 
120 2.882 2.724 
130 2.879 2.671 
140 2.898 2.589 
150 2.852 2.606 
160 2.840 2.577 
170 2.864 2.794 

* Nocharremimiafterrinse. 

230 
242 
250 
260 
270 
280 
290 
300 
310 
320 
330 
340 
350 

2.835 
2.935 
2.931 
2.958 
2.943 
2.914 
2.935 
2.946 
2.890 
2.923 
2.912 
2.892 
2.891 

2.811 
2.818 
2.792 
2.398 
2.750 
2.710 
2.905 
2.718 
2.633 
2.732 

Clevis end measurements were not taken at Ksc. ‘Ik masurmmt method is inaccurate and the 
clevis side insulation performance mirrored the performance of the tang side. Clevis 
measurements were taken at Clearfield H-7 and are stwrwn below. 
Measurements: (1)* RemaMng char was rinsed out. Measummt was not taken. 

(2) 
(3) 

To the outboard edge of the char layer. 
To the outboard edge of the heat affected material (i.e. meesurement of 
the virgin mterial reminhg. 

Clearfield Findl 
Clevis Bd llmsummt 
Degree Measurenents: 
htim (1)* (2) (3) 

2 3.004 2.896 
10 2.%2 2.853 
20 2.952 2.856 
30 2.901 2.778 
40 2.941 2.715 
50 2.996 2.715 
60 2.973 2.832 
70 2.970 2.828 
80 2.%1 2.735 
90 3.017 2.672 
100 3.042 2.706 
110 3.000 2.665 
120 3.072 2.730 
130 2.968 2.834 
140 2.952 2.810 
150 2.968 2.862 
160 2.968 2.880 
170 2.989 2.881 
* NocharL-amhdafterrinse 

Desree 
htim 
180 
190 
200 
210 
220 
230 
242 
250 
260 
270 
280 
290 
300 
310 
320 
330 
w) 
350 

tbmremnts: 
(I)* (2) 

2.970 
2.%3 
2.978 
2.948 
2.938 
2.955 
3.024 
2.970 
2.975 
2.990 
2.%2 
2.979 
2.966 
2.941 
2.933 
2.930 
2.930 
2.925 

(3) 
2.825 
2.838 
2.826 
2.820 
2.792 
2.846 
2.902 
2.866 
2.902 
2.895 
2.840 
2.859 
2.851 
2.818 
2.847 
2.834 
2.862 
2.840 

I f  I 
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Table &I5 ( h t ' d )  
RSU4-a Center Field Joint Insulation Evaluatim 

r 

Hotor No.: R9pI-2A M e :  11 December 1988 Time: 6:30 p.m. 

Inspector(s): Scott knz, Steve Hickm CorrespondirgCarment- 2 

Center Circunfermt id blaximn 
Desree 

h t i m  
Width (in.) mth (in.) Edge 

separation 

1 aoo 1.00 0.22 

2 8 8 O  1.00 0.26 

3 loo0 3.00 0.20 

4 116O 2.00 0.26 

5 144O 1.25 0.21 

6 148O 2.00 0.26 

7 161° 0.50 0.21 

8 178O 0.70 0.24 

9 2 2 2 O  0.40 0.13 

10 2400 0.30 0.14 

11 2 4 6 O  0.50 0.14 

12 277 O 1.00 0.22 

13 279O 1.60 0.20 

14 m0 0.60 0.23 

15 1.20 I 0.20 I I I 

Axial Growth Fram 
Prefire uwpaid 

cadi tion 

0.14 

0.26 

0.10 

0.26 

0.21 

0.26 

0.21 

0.24 

0.13 

0.14 

0.05 

0.11 

0.10 

0.13 

0.15 1 I 
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Table A-16 
RSRM-2A Forward Field Joint Insulation M u t i o n  

Motor No.: RSRM-2A hte: l2 December 1988 Time: 1O:oO a.m. 

Inspector(s): Scott hnz, Stew Hickm 

Field Joint: Ix( Forward 0 Center 

1. Arees of NokContact? 
2. Gaspah? 
3. Soot? 
4. Tang Heat Affected Material? 
5. Foreignkter ia l?  
6. ClevisEdgeSeparations? 

~ 

1 

2 
3 

Tang h d  Measurements 
Desree 

Location 

O0 
!No 

l90O 
270° 

Depth 
- (2) 

3.15 
3.l5 
3.15 
3.15 

Depth 
- (3) 

2.85 
2.90 

2.95 
2.75 

Bondline 
mtact ** 

1.15 
1.25 
1.20 
1.10 

Note: 
zhe following measurements are taken frun the imx d i w t e r  of the targ leg ("G): 

Depth (1) - to the t i p  of the rednirg material 
Depth (2) - to the outboard edge of the char layer 
Depth (3) - to the outboard edge of the hmt affected material*, 

Location based on the tan discoloratian of the adhesive. 
Measurement taken fmn the outboard edge of the char layer to the altboard extent 01. caltact. 

(i.e. a measurement of the virgin mterial -). * 
** 

1. Slightly mre heat effect an tang than seen on static test forward joints. 

2. White substance that appears to be tape residue is evident intermittently on t q  and clevis 
innilation ramp areas. More residue than an RSU4-B forward joint. 

3. M y  edge separations > 0.10 in. depth were d o c m t e d .  
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Table A-16 (mt'd) 
RSU4-a Forward Field Joint lhsdation Evaluation 

Clearfield Final * 
TarghdMeasurement 
Degree Measurements: 
Location (1)* (2) (3) 

2 2.914 2.443 
10 2.954 2.622 
20 2.909 2.605 
30 2.992 2.603 
40 2.975 2.649 
50 3.011 2.718 
60 3.017 2.672 
70 3.013 2.693 
80 2.989 2.709 
90 2.988 2.338 

100 2.940 2.645 
110 2.995 2.403 
120 2.952 2.595 
130 2.943 2.691 
140 2.971 2.680 
150 2.969 2.661 
160 2.902 2.685 
170 2.901 2.692 

* Nocharremainedafterrinse. 

Degree Measurements: 
h t i o n  (1)* (2) 

180 2.984 
190 2.969 
200 2.996 
210 2.981 
220 2.961 
230 2.977 
242 2 . w  
w) 2.978 
260 2.969 
270 2.959 
280 2.989 
290 2.993 
300 3.002 
310 2.973 
320 2.972 
330 2.990 
340 2.932 
350 2.929 

(3) 
2.668 
2.595 
2.615 
2.414 
2.579 
2.666 
2.702 
2.713 
2.706 
2.768 
2.722 
2.718 
2.651 
2.704 
2.675 
2.658 
2.565 
2.485 

Clevis end meesurements were not taken at KSC. The measurement method is inaccurate and the 
clevis side insulation performance mirrored the performance of the tarq side. Clevis 
measurements wre taken at Clearfield €I-7 and are Shawn belm. 
Measurements: (1)* Reminhg char was rinsed out. Measurement was not taken. 

(2) 
(3) 

To the outboard edge of the char layer. 
To the outboard edge of the heat affected mterial (i.e. measurement of 
the vi& mterial reminhg. - 

Clearfield Final 
Clevis m Measurement 
Degree thswxmnts: 

b t i c n  (1)* (2) (3) 
2 3.042 2.935 

10 3.060 2.979 
20 3.078 2.959 
30 3.001 2.915 
40 3.007 2.912 
50 3.075 2.938 
60 3.023 2.954 
70 3.008 2.942 
80 3.019 2.949 
90 2.998 2.888 

100 3.032 2.851 
110 3.058 2.820 
120 3.066 2.901 
130 3.056 2.896 
140 3.026 2.972 
150 3.089 3.072 
160 3.056 2.927 
170 3.082 2.992 
* Nocharreminedafterrinse 

Degree 
Lmaticm 

la0 
190 
200 
210 
220 
230 
242 
m 
260 
270 
280 
290 
300 
310 
320 
3 3  
340 
350 

Measurements: 
(I)* (2) 

3.042 
3.020 
3.042 
3.041 
3.014 
3.061 
3.025 
3.050 
3.021 
3.044 
3.070 
3.030 
3.062 
3.011 
3.012 
2.993 
3.009 
3.001 

(3) 
2.908 
2.968 
2.951 
2.968 
2.956 
2.098 
2.980 
2.927 
2.971 
2.908 
3.055 
2.951 
3.032 
2.924 
2.958 
2.911 
2.985 
2.900 

I f  I 
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Table A-16 (Cont'd) 
RSU4-U Forward Field Joint Insulation Evaluation 

~ 

Mal. Growth From 
Prefire &repaired 

Wit ion 

0.13 

I 

Field Joint Clevis: a Forward 0 Center 0 Aft 

I 

I Joint: E 
Center 
Degree 

Location 

195O 

Edge 
Separation 

Circunfmtial mxinun 
Width (in.) Depth (in.) 

0.60 0.21 

I 3 

I 4 

I 7 
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Table A-17 
RsRM-2A Aft Segmt Internal Insulation Evaluation 

0 

Motor No.: RSRM-2A kte :  12 December 1988 Time: 3:oO p.m. 

x n o  
x n o  

x n o  
x n o  

- A. Blisters Visible? 
B. Discolorations or Repairs Visible? - 
C. Separations or Delaminations? - y e s -  x n o  

y= - 
y= - 

D. Excessive Erosion at Factory Joints? 
E. Tears, Gouges, Cuts? 
F. Liner present? 

~tes/Comnents: 

1. A slight ridge of exposed NBR at a ply overlap tms evident at 130° at the forward end of the aft 
d m , b u t  thiswasNBRthatwaslayedupontopof theCF~wf ienthebarre landdomewre 
assembled; i t  was not NER under the CF/J3PDl. 

~ A. AbnonmlCF/EPlNErosion? 
B. NBRlliderCF/EKMExposed? 

.- 
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Table A-18 
RSRM-2A Aft Segment NBR Inhibitor Tear Evaluation 

Motor No.: R & M - ~ A  Date: 1 1  December 1988 Time:- 5:OO p.m. 

Side: Left (A) 0 Right (B) 

InsWctor(9): Scott Manz, Steve Hicken 
Segment: 0 Forward Center (852) 0 Aft Center (1 172) Aft (1492) I Component: Insulation 

N R R  Inhibitor Desc riotioq Corn men t 
Number 

A. Number of radial tears greater than 3 In. long (TEARS)? 0 

B. Tears exhibiting charring or erosion (INSER)? yes * no 
X no C. Clrcumferential tears (TEARS)? - Yes - 

Measurement Sketch Tears Here 
Definitions 

A’ \ 

Jnhibitor Tears > 3 in. Long 
Measurements ”A & B” taken as shown above. 

Comments Kharrina. etc.1 

Notes I Comments 

Comment sheet(s) attached? 
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Table A-19 
RSRM-2A Aft Segment NBR Inhibitor Height Muation 

Motor No.: RSRM-2A hte: 11 December 1988 Time: 4:25 p.m. 

0 Aft Center pg Aft 

I Comnent 
ManberS 

I 

I NER Inhibitor Description 

A. Delaminations or Separations? 

B. Unusual Erosion (Other than Tears)? 

NBR Inhibitor thsurmmts 

1 Radial measurements from the I .D.  of the inner clevis leg. 

De&?x?e Location 

O0 
30" 
6oo 
9oo 
1200 
m0 

Radial Distance 

5.0 in. 
4.75 in. 
6.0 in. 

Max. inhibitor height = 8.0 in. at 40' 
Min. inhibitor height = 4.25 in. at 150' 

Dqp33 Location 

180° 
2100 
240° 
270° 
mo 
3 3 0 O  

Radial Distance 

6.75 in. 
5.5 in. 
4.25 in. 
3.5 in. 
6.5 in. 
4.5 in. 

'C - 
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Table A-20 
RSEU4-2 Aft Center Sqmmt Intemal InmiLation Evaluation 

- 
Motor No.: RSRM-2A 

~~ ~~ 

Date: 12 December 1988 Time: 2:30 p.m. 

insulated cvlinder ReRion 

A. Blisters Visible? 
B. Discolorations or Repairs Visible? 
C. Separations or Ddminations? 
D. Excessive Erosion at Factory Joints? 
E. Tears, Gcqes, Cuts? 
F. Liner present? X 

Comnent 
Numbers 
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Table A-21 
RSRM-2A Aft Center Segment NBR Inhibitor Tear Evaluation 

- I -  

Motor No.: RSRM-2A I Date: 11 December 1988 Time:- 6 : 4 5  p.m. 

Sida: Left (A) 0 Right (e) 
~~ 

InSpaCtOr(s): Scott Manz, Steve Hicken, Cary Ralston 

Segment: 0 Forward Center (852) Aft Center (1 172) 0 Aft (1492) I Component: Insulation 

NBR Inhibitor Descr iDt1OQ Comment 
Number 

A. Number of radial tears greater than 3 in. long (TEARS)? 3 

8. Tears exhibiting charring or erosion (INSER)? yes X no 

C. Circumferential tears (TEARS)? - Yes .x no 

Measurement Sketch Tears Here 

bhibitor Tears > 3 in. Lo ng 
.Measurements "A & 6" taken as shown above. 

Dearee Loca tion "A" '8" Mea99 
218" 11.75 in; 3.5 in. 
228" 11.0 in. 4.0 in. 
10" 9.5 in. . 3.5 in. 

Comments ICharrina. etc.1 

Notes I Comments 

Comment sheet(s) attached? 

Rev A 

1 
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Table A-22 
RSRt-l-2 Aft Center Segment NBR Inhibitor Heigt.lt Evdluation 

- 
Motor No.: FC3M-U mte: 11 December 1998 Time: 6:30 p.m. 

Segment: 0 F o d C e n t e r  cl Aft Aft Center 

Numbers NER Inhibitor kcription 

A. Delaminations or Separations? 

B. Unusual Erosion (Other than Tears)? 

NBR Inhibitor Measurements 

Radial measurements fran the I .D .  of the inner clevis leg. 

Degree Location Radial Distance 

O0 
3oo 
6oo 
9oo 
1200 

12.5 in. 
12.0 in. 
13.0 in. 
15.0 in. 
15.5 in. 

1500 14.5 in. 

Max. inhibitor height = 15.5 in. at 120' 
Min. inhibitor height = 12.0 in. at 30' 

Degree Location 

180° 
210° 
2400 
270° 
300' 
330° 

Radial Distance 

13.0 in. 

ltes/-ts: 

I 
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Table A-23 
RsRM-2A Aft Center Sqpmt Stress Relief Flap Evdluation 

Motor No.: RsRM-2A Date: 11 &ember 1988 Time: 5:X) p.m. 

sqment: 0 Forward 0 FomardCenter pg Aft Center 

A. Gouges, Cuts, Tears? 
B. Pocketing? 
c. Missing Material? 
D. Heat Affected CFlEPlM or NBR? 
E. ErodedCF/EHMorNBR? 
F. Wilb Separations, Voids, &laminations? 

1 
2 
2 

Flap Measurements 
, Measuremnts fran the tip of the tang to the aft edge of the flap. 

Degree Locatim 
0' 
90' 
180' 
270' 

Axial Distance 
l5 in. 
L5 in. 
15 in. 
15 in. 

Tear Measurements 
Measurement "A" taken from the J-1% tip to the aft &e Of the flap. 
Measurement rrBrl taken fran the aft edge of the flap to the forward edge of the tear. 

Lkgree hation 
No Flap 

Comnents (Charring, etc.) 

btes/carments 

1. Flap is eroded to bulb (canpletely missing) full circunfmce. 

2. CF/E€Dl is eroded amy mt of the circunference. 'Ihere is sane CF/EHM fran apprcm. 220' - 
240°, but it is severely heat affected. The NBR expcsed under the flap is heit affected and 
slightly eroded. 
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Table A-24 
RSRM-2A Forward Center SegTnent Interndl Insulation Muation 

- 
Motor No.: EtSRM-2 hte: 12 December 1988 Time: 2:45 p.m. 

Insulated cylinder REgian 

A. Blisters Visible? 
B. Discolorations or Repairs Visible? 
C. Separations or DeLamirations? 
D. Excessive Erosion at Factory Joints? 
E. Tears, Gouges, Cuts? 
F. Liner present? 

b t es/carmen t s : 

I 

i 
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Table A-25 
RSRM-2A Forward Center Segment.NBR Inhibitor Tear Evaluation 

Motor No.: Z s w - 2 ~  Date: 12 December 1988 Time:- 10:15 a.m. 

Segment: Forward Center (852) 0 Aft -Center ( n 7 2 )  Aft (1492) I Component: Insulation 

HER tnhibitor Desc riotion Comment 
Number 

A. Number of radial tears greater than 3 In. long (TEARS)? 8 

E. Tears exhibiting charring or erosion (INSER)? yes X no 
X no C. Circumferential tears (TEARS)? - Yes - 

Measurement 
Definitions 

I.D. 

Jnhibitor Tears > 3 in. Lonq 
,Measurements "A & 6" taken 

~ 

Sketch Tears Here 

I.D. 

as shown above. 
305" L as shown above. 

Qearee Locat ion Meas. A Comments (C harrina. etc.1 n n  

305" 15.0 in; 8.0 in. * 

373"  18.0 in. 6.0 in. 
2" 9.5 in. 14.0 in. 

166" 18.25 in. 5.0 in. I 

144" 19.5 in. 3.5 in. 
124" 19.5 in. 4.0 in. 
52" 20.5 in. 5.0 in. 
30" 18.0 in. 6.25 in. 

gotes I Comments 

Comment sheet(s) attached? 

Rev A i : 
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Page 181 

I 

66" 



Table A-26 
RsRM-2A Forward Center mt NBR Inhibitor Height EJ'valuation 

. 
Motor No.: RSK2A Date: 12 December 1988 Time: 1O:E a.m. 

~ ~~~ 

Inspector(s): Scott Manz, Steve Hicken 

Sqmmt: ForwardCenter 0 Aft center 0 Aft 
I Comnent 
I MHnberS NBR Inhibitor DescriDtion 

A. Delaminations or Separations? 

B. Unusual Erosion (Other than Tears)? 

~ ~- 

NBR Inhibitor Measurements 

Radial measurements from the I.D. of the inner clevis leg. 

Degree Location Radial Distance 

0' 
30' 
60' 
90' 
120' 
150' 

26.5 in. 
24.0 in. 
27.0 in. 
28.0 in. 
24.25 in. 
25.5 in. 

Max. inhibitor height = 28.75 in. at 88' 
Min. inhibitor height = 22.75 in. at 210' 

k e e  Location Radial Distance 

180° 
210' 
240' 
270' 
3alo 
330' 25.0 in. 
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Table A-27 
RsRM-2A Forward Center Sqpmt Stress Relief Flap Evaluation , 

- 
I Motor No.: RSU4-a Care: 11 Decmber 1988 Tim: 6:40 p.m. 

x n o  A. Goups, Cuts, Tears? - 
X m  - yes - 

c. Missing Material? X m 
X M - yes - 

E. E r o d e d C F ~ o r ~ ?  - y e s -  X no 
X m  F. wllb Separations, Voids, Delaminatians? - - 

B. Ebckting? 

D. Heat Affected C F m  or NPR? 

I 
1 
2 
2 

Flap Measurements 
I Measuremnts from the tip of the tang to the a f t  e.dge of the flap. 

kgme Location 
0" 

Axial Distance 
9.5 in. 

90" 
180° 
270" 

11.0 in. 
10.0 in. 
9.5 in. 

Min. Flap = 12.5 in. missing at 130" 
Max. Flap = 6.5 in. missing at 198O 

Tear Msasurements 
Measurement "Aff taken from the J-1% tip to the aft edge of the flap. 
Measurement "B" taken from the aft edge of the flap to the forward edge of the tear. 

Degree Location Measurgnent "A" Measurement flBv' Comnents (charring, etc.) 
No Tears 

1 1. Approximately 213 of the flap length is eroded away, as shown in the measurements above. 

1 2. CF/EPCM extends to the pressurization gap f~ll ciramfmce, heat affected, and charred and 
slightly eroded. 
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Table A-28 
R S R M - 3  Forward segment I n t d  Insulation Evaluation 

- 
Motor No.: RSE4M-a hte: 13 December 1988 Time: 1O:x) a.m. 

Insulated cylinder Region 

A. Blisters Visible? 
B. Discolorations or Repairs Visible? 
C. Separations or Delanrinations? 
D. Excessive Erosion at Factorv Joints? 
E. Tears, C k x & p ,  Cuts? 
F. Liner present? 

Forward Dome R&on 

A. Blisters Visible? 
B. Discolorations or Repairs Visible? 
C. Separtions or Delaminations? 
D. Tears, G o u g ~ ~ ,  Cuts? 

X 

X 
X 
X 
X 
X 

- - 
- 

X 
X 
X 
X 
- 

no 
no 
no 
no 
no 
no 

m 
m 
rn 
no 

Comnent 
fJlsnberS 

1 

2 

~ ~~ 

D tes/Comnen ts : 

1. Liner extends to flap bulb, charred liner aft of f lap bulb but the region where the flap is most 
heat affected ( 4 5 O )  liner extends to end of flap. Flap is scalloped and heat affected quite 
severely from 3 l 5 O  - Oo - 260°, m t  severe erasion and heat affect 330O - Oo - 1 2 0 O .  

: 2. No significant debris damage in forward dune to correspond w i t h  debris danrage or igniter at !No. 

1 3. No castable inhibitor was mmining. 
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Table A-29 
FC3Vl-a Forward Segment Stress Relief Flap Wuation 

- 
Motor No.: R3RM-U bite: 12 December 1988 Time: 1 O : O  a.m. 

Flap won 

A. Gouges, Cuts, Tears? 
B. Pocketing? 

D. Heat Affected CFAPDl or NEl? 
E. ErodedCF/EF€MorNE?R? 
F. Bulb Separations, Voids, Delaminations? 

c. Missing Material? 1 
1 
1 

Flap Measurements 
I Measurements from the tip of the targ to the aft edge of the flap. 

Degree Location 
0" 
90" 
180" 
270" 

Axial Distance 
8.25 in. 
7.5 in. . .- 

2.5 in. 
2.5 in. 

Min. Flap 1" - 7", 11.0 in. missing 

m flap renaining, sticking up slightly 
Full flap length renraining, stickbg up slightly 

Tear Measurements 
Measuramt "A" taken from the J-leg tip to the aft edge of the flap. 
Measurement "B" taken from the aft edge of the flap to the forward edge of the tear. 

Degree Location Measurement "Af1 Measurement rrS" Comnents (charring, etc.) 
No Tears 

1. Flap is severely heat affected, scalloped, and more eroded 328" - 0" - 120". Eroded in wavy 
pattern in this region: wuv\N under flap is also very heat affected full circdermce. 
Flap slightly scalloped from 120" - 180" - 254". Max. flap erosion 1" - 7". Patches of char 
under the flap have fallen off fmn 0" - 90" - 100°, srposing lighter colored m. This is a 
nonml Muation that has been seen in static test motors. i 
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I 
Motor No.: RsRM-2 

1. &paths? 
2. Soot? 
3. Heat Affected Material? 

A. Tang 
B. Clevis 

4. Foreign Material? 

6. Unbends? 
7. Teflon Tape Condition (Tang) 

5. Ply Separations? 

kte: 25 January 1989 Time: 2200 

x n o  
x n o  
x n o  

x n o  

- 
- - x n o  
- 

rn 1 - 

l 
1. Teflon tape in place and in good condition on tang full circunference. 

1 2. Intermittent insulation flashhg and Charilok 233 on tip of inner clevis lq. 

I 3. Heavy corrosion under hatband from 180' - 0' - 90'. Mild corrosion 90' - 130'. 
I 
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Table A-31 
F6RM-a Aft Segment Stiffener to Stiffener Factory Joint Internal Insulation evaluation 

0 

Motor No.: RSRl4-a kte: 26 Janw 1989 Time: 0500 

1 :: ",r"' 
3. Heat Affected Material? 

x n o  - yes - 
x n o  - yes - 
x n o  - yes - 

A. Tang 
B. Clevis 

4. Foreign Material? 
y = -  x n o  5. Ply Separations? - 

6. Unbonds? x Yes no 1 
7. Teflon Tape Wition (Tang) x Yes - no 

1. Possible unonds - bare metal w i t h  chenilok 233 on e d p ~ ~  - m y  be fran disassembly 

88' - tang 3 in. circ., 2 in. axial fran teflon tape; clevis 1 in. circ, 1.5 in. axial fran tip 
214' - tang 3 in. circ., 3 in. axial fran teflon tape; clevis 2 in. circ., 3 in. axial fran 
clevis tip 

2. Intennittent insulation flashing on inner clevis leg. No Chad&, very clean. 

3. No problem on external insulation. Very little corrosion under hatband. 

f '  
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Table A-32 
RSEU4-a Aft Sqpent ET Attach to Stiffener Factory Joint Intendl Insulation Evaluation 

- 
Motor No.: R!iRM-% 

~ -~ ~ ~~ 

kte: 26 Jar~uary 1989 Time: 1030 

I 1. Gaspaths? 
1 2. Soot? 

Heat Affected Material? 
A. Tang 
B. Clevis 

l 4 .  Foreign Material? 5. Ply Separations? 
6 .  ulbonds? 

~ 7. Teflon Tape Condition (Tang) 

X 
X 
X 
X 
X 

- 
- 
- 
- 

no 
no 
m 
no 
m 
no 

1 

1. Possible unbend on tang - bare metal with chenildr 233 - probably from disassembly 
158' - 3 in. circ., 1 in. axial, 1 in. forward of Teflon tape 

l 2. Heavy flashing an tip of h e r  clevis leg 102' - lao, intermittent flashhg 264' - 278O and 
I 316' - 333'. No &d.& on tip, ~ e r y  clean. 

: 3. No problems on external insulation. only a few smll spots (0.25 in. dim.) of rust d e r  
hatband intermittently. 

Table A-33 
RSEtM-2A Aft Center W t  Factory Joint Intendl Insulation Evaluation 

I 

~ Motor NO.: RSRM-2~ I Date: 14 Mwch 1989 1 Time: 1500 
I 1 

I hpector(s): Alex %unders 

1. &paths? 
2. Soot? 
3. Heat Affected Material? 

A. Tang 
B. Clevis 

4 .  Foreign Material? 

6. Unbends? 
5. Ply Separatians? 

1 7. Teflon Tape W i t i o n  (Tang) 

yes 
Yes 
Yes 
yes 
Yes 
yes 

X 
X 
X 
X 
X 

- 
- 
- 
- 

m 
no 
no 
no 
m 
no 1 

~ 1. Tape tom at: 4', 7O, loo, 12O, 19O, 23', 62O, 9oo, 139', 168', 172', 227O, 240°, Bo, 308', 
331', 352'. 

t' 
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' Motor No.: RSRM-2A 

Gas paths? 
Soot? 
Heat Affected Material? 
A. Tang 
B. Clevis 
Fond@ Material? 
Ply Separations? 
unbends? 
Teflon Tape Cadition (Tang) 

bte: 12 April 1989 Time: 2200 

x n o  
x n o  
- 
- 

x n o  
x n o  
- 

1 

2 

1. Piece of chalk on tang at 82O. Ldmshers on tang at 7 2 O  and 148O. O c c d  after joint 
insulation was cut - not a prefire condition. 

I 2. Teflon tape frayed fran disassembly, but still in place. 

1 3. Intermittent innilation flashing on inner devis  leg. 

Table A-35 
RSRM-2A Forward Segment Cylinder to Cylinder Factory Joint Internal Insulation Rraluation 

1 Time: 0700 
t I I 

Gas paths? 
Soot? 
Heat Affected Material? 
A. Tang 
B. Clevis 
Foreign Material? 
Ply Separations? 
l-klbonds? 
Teflon Tape Condition (Tang) 

Comnent 
NimberS I' 
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Motor No.: RSRM-2A 

11. Gaspaths? 
' 2. Soot? 
1 3. Heat Affected Material? 

Date: 4 April 1989 Time: 0200 

4 .  Foreign Material? - y e s  - x n o  

6 .  kbonds? - y =  - x n o  
x n o  - Yes - 

X no - y= 

5. Ply Separations? 

7. Teflon Tape Condition (Tang) - 
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PHOTOGWHS SORTED BY: 
SEGMEW, PHOTO CODE, JOINT, SEGMENT END, NEGATIVE Y 

FOR RSRM-2A 

5-Jul-1989 
Page 1 

I NEG PHOTO 
NVMBER CODE 

FXD HOUSING 

JOINT 
SEGMENT 

END 
DEG 
LOC COMMENT SEGMENT 

FXD HOUSING NOZZLE/CASE JNT 212 NOZZLE TO CASE JOINT @ 212 DE(; FIXED 
HOUSING CUT IN WIPER O-RING 

NOZZLE TO CASE JOINT @ 212 DEG CUT 
IN WIPER O-RING (CLOSE-UP) 

NOZZLE OVERALL EXTERIOR 0 DEG 

107494-01 

I 

107494-02 

00 

00 

00 

00 

00 

00 

33 

32 

31 

26 

25 

24 

23 

22 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

FXD HOUSING 212 NOZZLE/CASE JNT 

107501-01 

107501-02 I 107501-03 

j 107501-05 

FXD HOUSING 

FXD HOUSING 

FXD HOUSING 

FXD HOUSING 

NOZZLE/CASE JNT 

NOZZLE/CASE J N T  

NOZZLE/CASE JNT 

NOZZLE/CASE JNT 

0 

90 

180 

270 

NOZZLE OVERAU EXTERIOR 90 DEG 

NOZZLE OVERALL EXTERIOR 180 DICG 

NOZZLE OVEFALL EXTERIOR 270 DEG 

1 AFT SEG 

107496-08 

107496-07 

107496-06 

' 107482-01 

I 
~ 

1 107482-09 

107482-08 

AFT SEG 

AFT SEG 

AFT SEG 

AFT SEG 

AFT SEG 

NOZZLE/CASE JNT 

NOZZLE/CASE JNT 

NOZZLE/CASE JNT 

uNlc" 

AFT FIELD J N T  

240-0 

120-240 

0-120 

360 

240-0 

NOZZLE BOSS 

NOZZLE BOSS 

NOZZLE BOSS 

AFT DOME REGION 

CLEVIS 

CLEVIS 

CLEVIS 

CLEVIS 

BOTH 

BOTH 

BOTH 

BOTH 

BOTH 

BOTH 

BOTH 

BOTH 

BOTH 

CLEVIS, NBR INHIBITOR, AND CYI,INDER 
REGION 

CLEVIS, NBR INHIBITOR, AND CYLINDER 
REGION 

AFT SEG AFT FIELD JNT 120-240 

I 107482-07 AFT SEG AFT FIELD JNT 0-120 CLEVIS, NBR INHIBITOR, AND CYLINDER 
REGION 

1 107482-06 AFT SEG AFT FIELD JNT 360 INTERNAL INSULATION, NBR INHIBITOR. 
AND CLEVIS 

360 

120-240 

120-0 

0-240 

0-240 

120-240 

120-0 

0-120 

120-240 

240-0 

APT SEG 

APT SEG 

AFT SEG 

AFT SEG 

AFT SEG 

AFT SEG 

AFT SEG 

AFT SEG 

AIT SEG 

AIT SEG 

AFT SEG 

NOZZLE/CASE JNT 

AFT DOME FACT JNT 

AFT DOME FACT JNT 

AFT DOME FACT JNT 

STIFF/STIFF FACT JNT 

STIFF/STIFF FBCP J"l! 

STIFF/STIFF FACT JNT 

ET ATTACH/STIFF FACT JNT 

ET ATTACH/STIFF FACT JNT 

ET ATTACH/STIFF FACT JNT 

UNK" 

NOZZLE BOSS OVERALL 

TANG AND CLEVIS INSULATION 

1074 96-0 5 

108483-01 

108483-02 

108483-03 

108484-01 
I 

' 108484-02 

' 108484-03 

1 108485-01 

TANG AND CLEVIS INSULATION 

TANG AND CLEVIS INSULATION 

TANG AND CLEVIS INSULATION 

TANG AND CLEVIS INSULATION 

TANG AND CLEVIS INSULATION 

TANG AND CLEVIS INSULATION 

TANG AND CLEVIS INSULATION 

TANG AND CLEVIS INSULATION 

STIFFENER RING INSULATION 
SEPARATIONS AFTER HYDROLASING 

STIFFENER RING INSULATION 
SEPARATIONS AFTER HYDROLASING 

107472-06 

107472-07 

107472-08 

107472-09 

AFT SEG 

APT SEG UNKNOWN STIFFENER RING INSULATION 
SEPARATIONS AFTER HYDROLASING 

STIFFENER RING K5NA UNDER INSULATION 
AFTER HYDROLASING 

AFT SEG 

TWR-17541 Vol. 111 Table A-37 
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5- Jul--19 8 9 
Page 2 

PHOTCGFAPHS SORTED BY: 
SEGMENT, PHOTO CODE, JOINT, SEGMENT END, NEGATIVE # 

FOR RSRM-2A 

NEG 
, NUMBER 

107482-05 

, 107482-04 

' 107482-03 

107482-02 

1 107483-08 

PHOTO 
CODE 

21 

20 

19 

18 

17 

16 

15  

14  

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

SEGWWT 
END 

DEG 
LOC 

240-0 

120-240 

0-120 

360 

240-0 

COMMErn 

FLAP, CYLINDER REGION, AND TANG 

FLAP, CYLINDER REGION, AND TANG 

FLAP, CYLINDER REGION, AND TANG 

FLAP, CYLINDER REGION, AND TANG 

INTERNAL INSULATION, NBR INHIRITOR, 
AND CLEVIS 

SEGMF.NT 

A?T CTR SEG 

AFT CTR SEG 

A?T CTR SEG 

AFT CI'R SEG 

AFT CTR SEG 

0 

JOINT 

APT FIELD JNT 

APT FIELD JNT 

AFT FIELD JNT 

AFT FIELD JNT 

CTR FIELD JNT 

TANG 

TANG 

TANG 

TANG 

CLEVIS 

AFT Cl'R SEG CTR FIELD JNT CLEVIS 120-240 INTERNAL INSULATION, NBR INHIBITOR, 
AND CLEVIS 

INTERNAL INSULATION, NBR INHIBITOR, 
AND CLEVIS 

INTERNAL INSULATION, NBR INHIBITOR, 
AND CLEVIS 

107483-07 

107483-06 AFT Cl'R SEG CTR FIELD JNT CLEVIS 0-120 

1 107483-05 360 APT CTR SEG CTR FIELD J N T  CLEVIS 

AFT CTR SEG 

APT CTR SEG 

AFT Cl'R SEG 

AFT CTR SEG 

AFT Cl'R SEG 

AFT CTR FACT JNT 

AFT Cl'R FACT JNT 

AFT Cl'R FACT JIVT 

AFT CTR FACT JNT 

AFT Cl'R FACT JNT 

BOTH 

BOTH 

BOTH 

CLEVIS 

CLEVIS 

120-240 

0-120 

240-0 

0 

355 

TANG AND CLEVIS INSULATION 109544-01 

109544-07 

109544-08 

109544-02 

109544-03 

109544-04 

109544-06 

109544-05 

107499-01 

TANG AND CLEVIS INSULATION 

TANG AND CLEVIS INSULATION 

TYPICAL CLEVIS AT 0 DEG 

RUST ON LAND BETWEEN JOINT AT 355 
DEG 

RUST ON OUTER CLEVIS LEG 

RUST IN BOTPOM OF CLEVIS AT 208 DEG 

RUST ON TANG 354-0 DEG 

CRACKS IN CLEVIS INSULATION RADIUS 
AREA 250 DEG. 

CRACKS IN CLEVIS INSULATION RADIUS 
AREA 250 DEG. 

AFT Cl'R SEG 

AFT Cl'R SEG 

AFT CFR SEG 

A?'" Cl'R SEG 

AFT Cl'R PACT JNT 

AFT CTR FACT JNT 

AFT Cl'R FACT JNT 

CTR FIELD JNT 

CLEVIS 

CLEVIS 

TANG 

CLEVIS 

0 

208 

354-6 

250 

I 107499-02 AFT CTR SEG CTR FIELD JNT CLEVIS 250 

1 PWD Cl'R SEG 
I , 107483-04 

107483-03 

I 107483-02 
I 

107483-01 

107481-05 

1 3  

12  

11 

10 

09 

08 

07 

06 

00 

00 

00 

00 

FLAP, CYLINDER REGION, 

FWIP, CYLINDER REGION, 

FLAP, CYLINDER REGION, 

FLAP, CYLINDER REGION, 

CLEVIS, NBR INHIBITOR, 
REGION 

CLEVIS, NBR INHIBITOR, 
REGION 

CLEVIS, NBR INHIBITOR, 
REGION 

AND TANG 

AND TANG 

AND TANG 

AND TANG 

AND CYLINDER 

PWD Cl'R SEG 

PWD CTR SEG 

PWD CTR SEG 

PWD CTR SEG 

lWD Cl'R SEG 

CTR FIELD JNT 

Cl'R FIELD JNT 

CTR FIELD JWT 

Cl'R FI.ELD JNT 

FWD FI.ELD JNT 

TANG 240-0 

TANG 120-240 

TANG 0-120 

TANG 360 

CLEVIS 240-0 

107481-04 FWD FTELD JNT CLEVIS 120-240 AND CYLINDER 

I 
I 107481-03 

107481-02 

' 110118-01 

110118-02 

110118-03 

107459-04 
I 

PWD FIELD CLEVIS 0-120 lWD Cl'R SEG AND CYLINDER 

PWD Cl'R SEG PWD FIELD JNT CLEVIS 360 INTERNAL INSULATION, NBR INHIBITOR, 
AND CLEVIS 

TANG AND CLEVIS INSULATION 

TANG AND CLEVIS INSULATION 

TANG AND CLEVIS INSULATION 

WATER SEEPAGE UNDER WEATHERSEAL AT 
10 DEGREES 

TWR-17541 Vola 1x1 
List . 
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PWD CTR FACT JNT BOTH 120-240 

PWD CI'R FACT JNT BOTH 0-120 

PWD Cl'R F A m  JNT BOTH 240-0 

PWD CTR FACT JNT N/A 10 

Table A-37 (Cont'd) 
RSRM-2A Insulation Postfire Photography 

PWD CTR SEG 

lWD CTR SEG 

lWD Cl'R SEG 

FWD Cl'R SEG 
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I NEG 
NUMBER 

109991-08 

FWD SEG 

107481-09 

1074 8 1-0 8 
I 

107481-07 

I 107481-06 
I 

1 107475-02 

1 ***END OF 

PHOTO 
CODE 

05 

04 

03 

02 

01 

00 

00 

00 

00 

00 

00 

00 

00 

SEGMENT . 
PWD SEG 

FWD SEG 

PWD SEG 

PWD SEG 

PWD SEG 

PWD SEG 

PWD SEG 

PWD SEG 

PWD SEG 

PWD SEG 

FWD SEG 

PWD SEG 

PWD SEG 

PHOTOGRAPHS SORTED BY: 
SEGMENT, mom CODE, JOINT, SEWNT END, NEGATIVE w 

FOR RSPM-2A 

JOINT 

FWD FIELD JNT 

FWD FIELD JNT 

FWD FIELD JNT 

PWD FIELD JNT 

uNI(" 

FWD CYL/CYL FACP JETP 

PWD CYL/CYL FACT JNT 

FWD CYL/CYL FACT JNT 

FWD DOME FACT JNT 

PWD DOME FACT JNT 

FWD DOME FACT JNT 

IGNITER/CASE JNT 

IGNITER/CASE JNT 

00 PWD SEG IGNITER/CASE JNT 

REFQRT*** 

Rev A 

SEGMENT 
END 

TANG 

TANG 

TANG 

TANG 

PWD DOME 

BOTH 

BOTH 

BOTH 

BOTH 

BbTH 

BOTH 

PWD DOME 

FWD DOME 

PWD DOME 

DEG 
U)C 

240-0 

120-240 

0-120 

360 

360 

0-120 

240-0 

120-240 

0-120 

120-240 

240-0 

0-360 

270 

290-300 

5- JU 1-1 9 8 9 
Page 3 

COMMENT 

FLAP, CYLINDER REGION, AND TANG 

FLAP, CYLINDER REGION, AND TANG 

FLAP, CYLINDER REGION, AND TANG 

INTERNAL INSULATION AND TANG 

FOFMARD COME AND CYLINDER REGION 

TANG AND CLEVIS INSULATION 

TANG AND CLEVIS INSULATION 

TANG AND CLEVIS INSULATION 

TANG AND CLEVIS INSULATION 

TANG AND CLEVIS INSULATION 

TANG AND CLEVIS INSULATION 

IGNITER FORWARD DOME BOSS 

IGNITER FORWARD COME BLOW HOLE AT 
270 DEG 

FORWARD DOME IGNITER BOSS METAL 
DAMAGE 290 DEG - 300 DEG 

TWR-17541 Vol. 111 Table A-37 (Cont'd) 
RSRM-2A Insulation Postfire Photography List 
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APPENDIX B 
RSRM-2B INSULATION EVALUATIONS 
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Table E l  
RSRM-B Aft Dome Factory Joint Weathersaal Evdluation 

- 
1 Motor No.: RSRM-2B Date: 5December 1!388 Time: 12:45 p.m. 

0 Aft Se@Ent ET AttaWStiffener 

ates/(lomnents: 

1. Heat effect, charring, irm;leasurab le ablation (gray color) on aft face of weatherseal 210' - 270' 

, 
1 0 Forward S g m t  Cylinder/Cylinder 0 Aft Sgnmt Stiffener/Stiffener 
! 0 Forward Center Segmnt Cylinder/CylMer Aft segment Stiffener- 

~ weatherseal mition 

~ A. 

B. 

C. 

~ D. 

1 E. 
I 

F. 

I 

I 

Discolored? 

Charred Material? 

Moisture Mer Seal? 

Missing Material? 

Edge Separation? 

Impact aarrrage? 

X 

X 

X 

X 

X 

X 

no 

no 

no 

Comnent 
Numbers 

1 

1 

no 

no 

no 

I 

* -  
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Page 195 



I 
Table E 2  

RSRM-2B Aft Sejpnt Stiffener to Stiffener Factory Joint Weathersaal Evdluation 

I Tim: 12:O p m .  

Factory Joint: 0 Aft/Ctr seglnent ~ylinder/~yli.nder 

0 Aft Sqnent ET AttWStiffener 

0 F o d  Segment Cyhder/Cylinder Aft mt Stiffener/Stiffener 
I 
I 
, 0 F o d  Center Sqnent CylMer/Cylider Aft Sqnent S t i f f e n e r r n  

Weatherseal Condition 

A. Discolored? 

B. CharredMaterial? 

I C. Moisturelwer W? 

Garment 
NUnberS 

i E. @Separation? 

I F. Impact nEurrage? 

1. Heat effect (gray color) on aft face of w e a k s e a l  210° - 270° - 330°, charring, imneasurable 
ablation. Slight heat effect (brown color) on top surface and f o d  face from 240° - 270° - 
30Oo. Heaviest heat effect a t  270° 

1 

Rev A 
I 
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I Table E 3  
, RSRM-2B Aft Segmnt ET Attach to Stiffener Factory Joint W e a t h e r d  Evaluation 

Motor No.: RSRM-2B - I Date: 5 ~ e c m t x r  1~ I Time: 1O:W a.m. 

Inspector(s): Scott Manz, Hal Huppi 
~~ ~~~ ~ 

Factory Joint: 0 Aft/Ctr %gmnt Cylinder/~ylinder 
I 

I 
I 0 FodS~gnmtWCylinder Aft Sqpmt ET Attach/Stiffener 
I 
l Aft Sqpent Stiffenermane 

0 Forward !kgnent Cylinder/Cylinder Aft Sqpent Stiffener/Stiffener 
1 
I u Forward Center Sqpat Cylinder/Cylinder 
i w e a t h e r d  Condition 

A. 

B. 

C. ~ 

I 
j E. 
~ F. 

Discolored? 

Charred Material? 

Moisture Mer Seal? 

Missing Material? 

Edge Separation? 

Impact lhlBge? 

X 

X 

M 

110 

no 

no 

110 

M 

Comnent 
Nunbers 

1 

1 

1 t e s / u t s  : 

1. Slight charring on aft face of watherseal Z O O  - 270' - 320°, heaviest at 270° (gray color). 
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Table B-4 
RsRM-2B Aft Center m t  Factory Joint Weatherseal Evdluation 

hte: 5kember1988 Motor No.: RSU4-B Time: 10:45 a.m. 

Factory Joint: Aft/Ctr segment ~ylinder/~yl~er 

0 ForwardSegmentWCylinder 0 Aft S q m t  ET AttaWStiffener 

0 Forward Segment Cylinder/Qlider 0 Aft !%gmerlt Stiffener/Stiffener i 0 Forward Center Sqmmt Cy1inderYQlinde.r 0 Aft !2gnlent Stiffenerh 

Weatherseal Condition 

A. 

B. 

I C. 

D. 

E. 

F. 

I 

I 

Discolored? 

charred Material? 

Moisture Under W? 

Missing Material? 

Edge Separatian? 

Impact Damage? 

X 

yes 

Yes 

Yes 

Yes 

Yes 

Yes 

X 

X 

X 

X 

X 

no 

no 

m 

no 

no 

m 

1 

1 

)tes/Comnents: 

1. Several smll debris mrks on aft edge of tfeatherseal at 230' and 130' - 180' - 220'. 

2. 135' - 1f3' several paint drops an kfeatherseal. No adverse effect. 

c 
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Table E5 
RSU4-B Forward Center Segment Factory Joint Weatherseal Evaluation 

Motor No.: RSU4-a I mte: 5~ecenber  1988 1 Time: 12:55 p.m. 
~ ~~ ~ 

Inspector(s): Scott b, Hal Fiuppi 

1 Factory Joint: 
0 FortmrdSegmentWCylinder 
0 Forward segment Cylinder/Cylinder 

Aft %gmmt ET AttatWStiffener 

0 Aft s€gnmt Stiffener/Stiffener 
Forward Center Segment Cylinder/Cylinder 0 Aft -t Stiffener- 

Comnent 
EJLsnberS weatherseal Cadition 

A. Discolored? 

B. CharredMaterial? 

x n o  

x n o  

i c. Moistureunderseal? no 2 

I D. Missing Material? no 1 

E. Ede;e Separation? 

F. Impact lhage? 

x n o  

x n o  

1. Missing material fran debris at 255' 1 in. circ. X 0.4 in. axial X 0.080 m. depth aft edge of 
watherseal. Several d debris marks m aft edge of wsatherseal from 90' - 180' - 2-40'. At 
180' missiw material 3.5 in. circ. X 0.75 in. rmx. axial X 0.10 in. max. depth. 

2. Instrunentation wires caning out of weatherseal at this location, w i r e s  are unbonded fran the 
case and moisture is dripping out. Paint missing from case 1.45 in. axial X 0.80 in. circ. 
Moisture aLso bee;an dripping out of the instnmentation location at Oo after the mtor was 
rotated. The instnmentation at Oo is still securely bonded and there is no missing material. 
After the motors were hydrolased and rotated, moisture was noted dripping out of the 
instnmentation wires at 280° and also a lhmxmple wire wrinkle at 270°, on the aft edge of 
the weathersal, on 9 tkcmber 1988 w i t h  270° in the dawn position. 

1 
I 

3. A section of wathersea. 24 in. wide circ. wds removed fran 270' - 280' on 12 D e c k  1988. 
The segment was rotated to move 270° horizontal to assist ramal. A lot of water came out M 
the weatherseal was first cut, and more water was noted as more watherd  was cut. 'he water 
appeared to run along thewire rautilq. lhF2 M between theweatherseal and the case and pin 
retainer band was very good. Corrosion was noted underneath the pin retainer band. 
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Table B-6 
RSEU4-B F o d  W t  Cylinder to Cylinder Factory Joint Weatherseal Evalmtian 

* 
Motor No.: R22M-D Date: 5 Dember 1988 Time: 10:s p.m. 

' Factory Joint: 0 Aft/Ctr m t  ~ylMer/~ylinder 

0 Aft Segment ET Attach/Stiffener 
Forward SeIgnent Cylinder/CylMer [ Aft segment Stiffener/Stiffener 

0 Forward Center S g m t  Cylinder/Cylinder 0 Aft m t  Stiffener- 

Weatherseal Condition 
I 

A. Discolored? 

B. Charredkterial? Y e s -  x n o  
I 

X no 1 - yes - 1 D. Missing Material? 

E. EdgeSeparation? 

1 F. Impact Damage? 

ItedComnents: 

1. Slight missing mterial caused by debris at 226O aft edge of weatherseal 0.45 in. circ. X 0.20 
in. axial X 0.050 in. deep. Four smll areas of missing material (0.25 in. dim. m., 0.050 
in. depth m.) in same location. snrall cut in aft edge of weatherseal at 2 0 5 O  0.35 in. axial X 
0.15 in. depth. Three other debris mrks near 205'. 
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Table E 7  
RSRM-D Forward Dane Factory Joint Weatherssal Evaluation 

* 
Motor No.: Et3UI-B bte: 5 December 1W Time: 12:55 p.m. 

I 
I ForwardSegmmtWCylinder 0 Aft S q m m t  ET AttaMStiffener 
t 0 Forward segment Cylinder/CylMer 0 Aft segment Stiffener/Stiffener 
I 0 Forward Center Segmmt Cylinder/Cylinder 0 Aft segment Stiffener/Dome 

Weatherseal Condition 
I A. 

B. 

C. 

D. 

E. 

F. 

Discolored? 

charred Material? 

Moisture lhder seal? 

Missing Material? 

Fdge separation? 

Impact mlmge? 

X 

X 

X 

Comnnt 
Numbers 

no 

no 

m 

no 

no 

110 
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Table B-8 
RSRM-2B Aft Stiffener Ring TPS Evaluation Before Ring Reroval 

I Time: 1:l5 p.m. 
~~ 

l Inspector(s): Scott Mam, Hal Huppi 

Stiffener -/Stub: 
0 Forward Stiffener Stub (1613.62) 0 Center Stiffener Ring (1733.43) 

0 Fonard Stiffener Ring (1657.65) Aft Stiffener Ring (1777.46) 
I 

I Comnent 1 Stiffener -/Stub TPS Conlition 
I 

I A. Discolored? 

B. Blistered Paint? 

c. Heat Affect€d/Ularr€d Material? 

NUnber.5 

x Yes no 1 

no 1 

X no 2 - - I D. Missing MaterialIGouges? 
t 

x n o  E. Insulation to Case Separations? yes - 
F. Tears? 

G. Impact Jhmge? 

1. Heat effect, charred material with imneasurable ablation ( b m  color) on the outboard surface, 
aft edge and the forward edge from 220° - 270° - 320'. Slight heat effect (light brww color) on 
the forward edge from 180' - 220' and 320° - Oo. 

l 2. Areas of material that appeared to be cut by the hydrolasing on the aft edge. 
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Table 5 9  
RSRM-2 Center Stiffener Ring TPS Ehluition Before Ring RBnoval 

Motor No.: RSRM-2B I hte: 5~ecemter 1~ I ~ i m e :  1:00 p.m. 
- -  - ~~~ 

Inspector(s): Scott Manz, Iid Huppi 

Stiffener Ring/Stub: 
0 Forward Stiffener Stub (1613.62) Center Stiffener Ritlg (1733.43) 

I 0 F o d  Stiffener Ring (1657.65) 0 Aft Stiffener Ring (1777.46) 
I 

Comnent 
Stiffener Ring/Stub TPS Condition NUlIkrS 

A. Discolored? 

I B. Blistered Paint? 

c. Heat AffeCtWcharred Material? 

I D. Miss% Material/Gouges? 

1 

no x 1 

x n o  - E. Insulation to Case Separations? 

i F. Tears? 

t es/comnen ts : 

1. Heat effect, charred mterial with hmsurab le ablation (brown color) on the outboard surface, 
aft edge (not covered by foam), and forward edge from 220° - 270° - 320O. Slight heat effect 
(li&t brown) on the forward edge fmn 180° - Z O O  and 320° - Oo. ~ 
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Table E10 
R5iRM-B Forward Stiffener Mng TPS Evaluation Before Ring Removal 

A. Discolored? 

Motor No.: RSU4-B I Time: 12:45 p.m. 

Inspector(s): Scott Manz, Hal Iiuppi 

Stiffener Ring/Stub: 
I 0 Forward Stiffener Stub (1613.62) 

Forward Stiffener Ring (1657.65) 
, 

0 Center Stiffener Ring (1733.43) 
0 Aft Stiffener Mng (1777.46) 

m -  x n o  

m -  x n o  

1 

1 

1 
I 

1. Heat effect, charred mterial with irmreasurable ablation (brown color) on the outboard surface 
and aft edge (not covered by foam) fm 220° - 270° - 320O. Slight k t  effect on forward edge 
(li&t b m )  fm 180' - 270' - 0'. 
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Table Ell 
RSRM-2B Forward Stiffener Stub TPS Evaluation 

Motor No.: RSU4-2.B Date: 5December1988 Tim: 12:30 p.m. 

Stiffener Ring/Stub: 
I 

I Forward Stiffener Stub (1613.62) 0 Center Stiffener Ring (1733.43) 

0 Forward Stiffener Ring (1657.65) 0 Aft Stiffener Rirg (1777.46) 

Stiffener Ring/Stub TPS Condition 
Comnent 
NunberS 

A. Discolored? x Y= no 1 

E. Blistered Paint? Y e s -  x n o  

c. Heat Affected/Charred Material? x Yes no 1 

I D. Missing Material/Gouges? X m -  no 2 
I E. Insulation to Case Separations? 

1. Slight heat effect (light brown color) on the forward corner edge of the stub from 120' - 160'. 
Heat effect (brown color) on the aft face and outboard face of the stub from 220' - 270' - 320'. 
7'I-e aft face was also charred with imneafllrable ablation from 220' - 270' - 320'. 

2. TWO  area^ of missing material on the aft face of the stub at 220' and 2809, approxitmtely 1 in. 

debris impact. 
I 
I diameter and 0.1 in. deep, appxed to ply separation. 'Ihese arsas my have been caused by 

3. 'Ihere XIS a piece of charred mterial on the forward face of the stub at 260°, apprmdnrately 0.3 
in. diameter. 
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Table 512 
RSRI4-B Nozzle to Case Joint Insulation Evaluation 

Motor No.: R3M-B Date: 12 D e a d e r  1988 Time: 6:55 p.m. 
- 

1. Voids? 

2. GasPaths? 

3. Soot? 

4. Foreig~bterial? 

5. MhesivePomity? 

6. Aft DaneEdgeSeprations? 

7. BaffleTom? 

8. Polysulfide in Vent Slots? 

3. Ksc Bondline Meesurements (Fmn Aft Nozzle Boss) O0 900 180° 

Material l?EmKm@ 7.1 in. 7.0 in. 7.0 in. 

Outboard Heat Affected Polysulfide 5.75 in. 5.75 in, 5.62 in. 
I Inboard Polysulfide 6.0 in. 6.12 in. 6.0 in. 

Yes 

270° 

7.25 in. 
6.25 in. 
5.75 in. 

Yes 

Yes 

Yes 

X Y e s  

Yes 

X Y e s  

X 

X 

X 

X 

X 

X 

NUTlberS no 

no 

no 

no 

rn 1 

no 

no 4 

no 2 

9. Polysulfide Failure Mode 2 X h i v e  at NBR Interface 98 X Od-esive 

0 X h i v e  at phenolic Interface 

NotedComnents: 

I 1. Porosity at step regim - very small bubbles 

2. Some polysulfide in  all vents. See next page. 11 of 50 slots had over 100% f i l l .  Average fill 
= 62%. Polysulfide to forward edge of wiper O-ring full circunference. 
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Table E12 ( b t ' d )  
RSRM-2B Nozzle to Case Joint Insulation Muation 

Clearfield Final Bondline Measurements 

\ (1) (2) (3) 
Degree kterial Inboard Outboard 
h t i o n  Renrainirg Polysulfide Polysulfide 

I 

0 6.098 
21.6 5.122 

68.4 5.000 
90.0 5.800 
111.6 7.665 

158.4 6.884 
180.0 7.060 
201.6 6.442 
226.8 6.730 
248.4 7.120 
270.0 7.075 
291.6 6.740 
316.8 6.755 
338.4 6.882 

46.8 5.175 

136.8 6.575 

* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

6.098 
5.122 
5.175 
5.000 
5.800 
5.070 
4.%5 
5.021 
5.136 
5.040 
5.045 
5.080 
5.140 
5.085 
4.998 
5.065 

I * hta not available 

4. The forward edge of the flap was tom slightly at 2 2 5 O  and 3l5O fmn disassembly, approx. 4 in. 
wide circunferentially. No other tears. 
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Table B-13 
RSU4-B Aft Field Joint Insulation W m t i o n  

Motor No.: RSU4-2B Date: 11 Decend#r 1988 Time: 11:45 a.m. - 

Field Joint: 0 Forward Center a Aft 

1. Areas of Non-cultact? 
2. Gaspaths? 
3. Soot? 
4 .  Targ Heat Affected bterial? 
5. Foreign Material? 
6. ClevisEdgeSeparations? 

Tang Fnd tbmremmts 
Degree Badline 

Max 
Min %O .80 

Note: 
Ihe following measurements are takm fran the inner diameter of the tang leg (W): 

Depth (1) - to the tip of the ramhing material 

Depth (3) - to the outboard edge of the heat affected material*, 

Location based on the tan discobratian of the adhesive. 

Depth (2) - to the outboard edge of the char layer 

(i.e. a w t  of the virgin tmterial rmainhg). * 
* Measurement taken fran the outboard edge of the char layer to the outboard extent of contact. 

Notes/Comnents: 

1. Soat extends into badline intermittently around circunfmce, max. 0.55 in. outboard of 
r e d n i r g  material at EOo. Not as heavy as RWl-B center field joint. 

2. (My edge separatians > 0.10 in. depth w a x  docunented. 
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Table El3 (ht'd) 
RSTU4-B Aft Field Joint Insulation Ehduatim 

ClearfieldFinal . 
TangWMeesurement 
Degme Measurements: 
h t i m  (1)* (2) (3) 

2 2.693 2.600 
10 2.6% 2.594 
20 2.687 2.575 
30 2.729 2.579 
40 2.707 2.521 
50 2.712 2.686 
60 2.758 2.724 
70 2.710 2.515 
80 2.706 2.575 
90 2.701 2.580 

100 2.724 2.648 
110 2.720 2.637 
120 2.685 2.648 
130 2.715 2.5% 
140 2.695 2.584 
150 2.702 2.546 
160 2.741 2.512 
170 2.757 2.598 

* Nocharrmdrdafterrinse. 

D q p e  masuramts: 
htim (1)* (2) 

180 2.785 
190 2.715 
200 2.703 
210 2.723 
220 2.728 
230 2.701 
242 2.695 
250 2.700 
260 2.6% 
270 2.698 
280 2.690 
290 2.656 
300 2.687 
310 2.703 
320 2.704 
330 2.682 
340 2.6% 
350 2.701 

(3) 
2.524 
2.602 
2.545 
2.592 
2.599 
2.554 
2.516 
2.531 
2.567 
2.548 
2.500 
2.493 
2.563 
2.598 
2.574 
2.629 
2.609 
2.656 

Clevis end measurements were not taken at Ksc. "he measurement method is inaccurate and the 
clevis side insulation perfonmnce mirrored the perfonmnce of the tang side. Clevis 
measurements wre takm at Clearfield €I-7 and are shown below. 
lhawmmlts: (1)* Reminbg char was rinsed out. Measurement was not takm. 

(2) 
(3) 

To the outboard edge of the char layer. 
To the outboard edge of the heat affected material (i.e. measurement of 
the virgin material mminirg. 

Clearfield Final 
Clevis W Meesurement 
Degree Measuwments: Degree Measurements: 
htim (1)* (2) (3) Idcation (1)* (2) (3) 

2 2.745 2.355 180 2.852 2.574 
10 2.722 2.380 190 2.826 2.598 
20 2.742 2.370 200 2.7% 2.535 
30 2.786 2.416 210 2.798 2.537 
40 2.756 2.515 220 2.780 2.450 
50 2.772 2.536 230 2.733 2.412 
60 2.785 2.468 242 2.751 2.558 
70 2.786 2.460 250 2.789 2.505 
80 2.767 2.485 260 2.735 2.428 
90 2.765 2.474 270 2.743 2.375 

100 2.773 2.468 280 2.740 2.438 
110 2.762 2.533 290 2.718 2.421 
120 2.686 2.350 300 2.732 2.394 
130 2.764 2.470 310 2.744 2.411 
140 2.788 2.522 320 2.745 2.443 
150 2.838 2.521 330 2.738 2.447 
160 2.823 2.545 340 2.755 2.403 
170 2.7% 2.492 350 2.725 2.459 
* Nocharmnainedafterrinse 
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Table B-13 (Gmt‘d) 
RSRM-23 Aft Field Joint Insulation Evaluation 

Motor No.: RsRM-28 kte: 11 Dember 1988 Time: 11:X a.m. 

Joint: 

Inspector(s): Scott Manz, Steve Hi& 

Edge 
Separation 

correspadiQ3 Camrent Nunber z 

I 4 

Center Circunfermt id 
wF= 

Location 
Width (in.) Depth (in.) 

€Bo 0.90 0.12 

l 5  

Axial Growth Fran 
Mire ulrepaired 

Cadi tion 

0.09 

- 

- 

- 

1 ’  
l 8  

I l1 

Rev A TWR- 1 7 5 4 1 VOl. 111 

Page 210 



Table E14 
RSU4-B Center Field Joint Insulation Evaluation 

Motor No.: RSU4-a hte: 11 Decmber 1988 Time: 12:40 p.m. 

Field Joint: 0 Forward Center 

1. Arees of Non-Contact? 
2. Gaspath? 
3. Soot? 
4 .  T q  Heat Affected Material? 
5. Foreign Haterial? 
6. Clevis Edge Separaticns? 

0' 3.15 3.05 2.60 1.15 
90' 3.15 3.10 2.70 1.10 
1800 TGzG 3.15 2.80 1.10 
270' 3.35 3.15 2.90 1.10 

Max 353' 
Min 180' 

1.60 
1.10 

Note: 
'he following measurements are taken fran the irpler diameter of the tang lcg (W): 

Depth (1) - to the tip of the lxsmhhg mterial 
Depth (2) - to the outboard €dge of the char layer 
Depth (3) - to the outboard edge of the heat affected material*, 

Location based on the tan discoloration of the adhesive. 
(i.e. a nrmasurement of the virgin material r e d n i r g ) .  * 

* Measurement taken fran the outboard edge of the char layer to the o u t w  sttent of contact. 

' NotedCamwts: 
I 

I 1. Soot e x t d  into bondline frw~ 60' - 90' - 180O, with mx. 1.0 in. fran mterial 
99' - 103O. Ihe soot can be wiped off, very slight discoloration on NR. 

at 

2. See heat effect meesurements above. Nomil erosion and heat effect. 

3. Only edge separatiaw > 0.10 depth wxe dacwnted. 1 
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Table E 1 4  (Cont’d) 
RSR4-B Center F ie ld  Joint Insulation Evaluation 

Clearfield Final  . 
Tang EM Heasurement 
kgme Measurenents: Degree 

kmtim (1)* (2) (3) kmticn 
2 2.943 2.761 180 

I 10 2.940 2.547 190 
20 2.923 2.653 200 
30 2.935 2.572 210 
40 2.922 2.5% 220 
K) 2.944 2.635 230 
60 2.922 2.585 242 

I 70 2.922 2.672 250 
80 2.972 2.645 260 
90 2.985 2.616 270 

100 2.985 2.768 280 
110 2.977 2.783 290 
120 2.966 2.782 300 
130 2.925 2.684 310 
140 2.934 2.749 320 
150 2.937 2.714 330 

I 160 2.951 2.623 340 

I 
170 2.964 2.623 350 

I 

: 

I 

* Nocharremainedafterrinse. 

Ilmswmmts: 
(1>* (2) 

2.946 
2.953 
2.955 
2.960 
2.975 
2.%2 
3.018 
2.960 
2.949 
2.927 
2.918 
2.913 
2.928 
2.930 
2.934 
2.925 
2.912 
2.926 

(3) 
2.790 
2.821 
2.739 
2.670 
2.790 
2.779 
2.773 
2.673 
2.630 
2.562 
2.666 
2.688 
2.632 
2.680 
2.675 
2.628 
2.642 
2.652 

Clevis end measurements wre not takm at Ksc. The metlsurement method is inaccurate and the 
clevis side insulation performance mimred the perfonmnce of the tang side. Clevis 
maasurements wre taken at Clexfield H-7 and are shown beluw. 
Measurements: (1)* Remidng char was rinsed out. Measurement was not taken. I 

(2) 
(3) To the outboard edge of the heat affected mterial ( i .e .  meesurement of 

the virgin material lxmdnhg. 

To the outbaard a& of the char layer. 
I 

Clearfield Final 
Clevis EM Measurement 
Degree Measurements: Degree? Measuremnts: 

Location (1)* (2) (3) b t i o n  (1)* (2) (3) 
2 2.933 2.870 180 3.019 2.938 

10 2.951 2.855 190 3.010 2.933 
20 3.027 2.866 20 2.978 2.916 
30 3.023 2.965 210 3.000 2.921 

I 40 2.967 2.910 220 3.002 2.940 
50 2.963 2.890 230 2.994 2.944 i 
60 2.979 2.880 242 
70 2.993 2.896 250 2.980 2.855 
80 3.016 2.922 260 2.991 2.902 
90 2.978 2.917 270 2.985 2.860 

100 2.940 2.881 280 2.982 2.868 
110 2.%2 2.919 290 2.939 2.860 
120 2.950 2.8% 300 2.970 2.905 
l30 2.966 2.851 310 2.993 2.910 
140 2.973 2.871 320 2.983 2.922 

2.971 2.891 L50 2.958 2.925 330 
160 2.935 2.874 340 2.947 2.855 
170 2.972 2.933 3% 2.965 2.887 
* Nocharreminedafterrinse 

2.9% 2.916 ( 

I 
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Table E14 (Cont'd) 
RSRM-2B Center Field Joint Innilation Evaluation 

~~ ~ 

Motor No.: RSRl4-n Date: 11 Decmber 1988 Time: ll:30 a.m. 

Field Joint Clevis: 0 Forward 

Inspector(s): Scott Manz, Steve Hicken 

a Center 
corresponding Comnent Nlm)ber 3 

Joint: 
Center Circunfmtial lbcinun 

Width (in.) Depth (in*) Dw= 
Location 

7 O  0.70 0.23 

14' 0.30 0.14 

69' 0.80 0.12 

78' 0.30 0.14 

232O 0.50 0.18 

2 5 8 O  0.60 0.14 

262O 0.70 0.24 

264O 0.80 0.20 

270° 0.50 0.21 

I 

Axial Gruwth Run 
Prefire Unrepaid 

Condition 

0.13 

0.09 

0 

0.04 

0.03 

0 

0.04 

0 

0.01 

- 
- 

Edge 
Separation 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 
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Table El5 
Et3M-B Forward Field Joint Insulation Evaluation 

Motor No.: RsRM-2B M e :  11 December 1988 Time: 3:40 p.m. 
- 

- Field Joint : Forward 0 Center 0 Aft 
Garment 
NunberS 

1. Arees of Non-caItact? 
2. Gaspah? 
3. Soot? 
4. Tang Heat Affected Material? 
5. Foreign Material? 
6. ClevisEdgeSeparatians? 

Tang h d  k s u r a m t s  

h t i o n  

O0 
90O 

180O 
270° 

(2) 

3.15 
3.20 
3.20 
3.15 

- (3) 

3.00 
2.80 
2.70 
2.80 

Badline 
Contact ** 

1.15 
1.25 
1.15 
1.30 

Max 
Min 

Note: 
The follming masuremts are taken fran the inner diameter of the tang leg (TAEX;): 

Depth (1) - to the tip of the lxndnhg lnaterial 
Depth (2) - to the outboard edge of the char layer 
Depth (3) - to the outboard edge of the heat affected material*, 

Lrxation based on the tan discoloration of the adhesive. 
(i.e. a measurement of the virgin mterial mmining). * 

** MeEIsurement taken fmn the outboard edge of the char layer to the outboard extent of contact. 

1. Soot exteds into bondline fran approximtely 900 - 1800, with m. 0.3 in. outboard of 
renrainirg material at 1U0. Not as heavy as RSRM-B center field joint. 

I 2. M y  edge separatians > 0.10 depth were docunented (See next page). 

3. White substance noted just aft of capture feature O-ring groove on tang insulation 
intermittently around circunfmce, most severe 45O - 90° - 135O. Substance is apprcadrnately 
0.20 in. wide and does not flake off. Appears to be tape residue. 

I 
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Table El5 (Cmt'd) 
RSRM-2B Forward Field Joint Insulation Evaluation 

ClearfieldFinal - 
TwEndMeasurement 
Degree Meesurements: rkgree Measurements: 
h t i o n  (1)* (2) (3) Location (l)* (2) (3) 

2 2.946 2.833 180 2.866 2.620 
10 2.920 2.814 190 2.841 2.512 
20 2.983 2.841 200 2.932 2.830 
30 2.972 2.852 210 2.960 2.642 
40 2.%1 2.822 220 2.938 2.634 
50 2.%7 2.812 230 2.982 2.741 
60 2.963 2.722 242 2.921 2.632 
70 2.968 2.760 w) 2.911 2.692 
80 3.000 2.789 260 2.963 2.782 
90 3.021 2.808 270 3.003 2.785 
100 2.944 2.741 280 3.006 2.844 
110 2.%1 2.636 290 2.981 2.762 
120 2.946 2.724 300 2.958 2.731 
130 2.971 2.791 310 2.949 2.610 
140 2.%3 2.712 320 2.985 2.784 
150 2.938 2.768 330 2.993 2.756 
160 2.921 2.664 340 2.955 2.632 
170 2.994 2.781 350 2.958 2.671 * Nocharmminedafterrinse 

Clevis end measummts m not taken at Ksc. T?E measurement method is inaccurate and the 
clevis side insulation perfonmnce mirrored the perfonmnce of the tang side. Clevis 
measurements m e  taken at Clearfield H-7 and are sham below. 
Measurements: (1)* Rmahing char was rinsed out. Measurement was not taken. 

(2) 
(3) 

To the cutboard edge of the char layer. 
To the outboard edge of the heat affected material. (i.e. measurement of 
the vi& material r u .  - 

clewfield Final 
clevis w Measurement 
D€gree Measurements: 
Location (1)* (2) (3) 

2 3.248 2.955 
10 3.098 2.992 
20 3.199 2.900 
30 3.020 2.%1 
40 3.051 2.953 
50 3.014 2.935 
60 3.022 2.911 
70 3.041 2.886 
80 3.025 2.930 
90 3.088 2.981 

100 3.048 2.985 
110 3.031 2.975 
120 3.035 2.%2 
130 3.004 2.929 
140 2.991 2.908 
150 3.020 2.945 
160 3.028 2.922 
170 3.022 2.909 
* Nocharremindafterrinse 

Degree Measurements: 
Location (1)* (2) 
180 3.078 
190 2.950 
200 3.009 
210 3.027 
220 3.001 
230 3.024 
242 3.010 
w) 2.995 
260 3.034 
270 3.069 
280 3.050 
290 3.055 
300 3.024 
310 3.004 
320 3.035 
330 3.043 
340 3.013 
350 3.010 

(3) 
2.955 
2.891 
2.931 
2.959 
2.930 
2.948 
2.919 
2.894 
2.942 
2.978 
2.%1 
2.985 
2.941 
2.936 
2.928 
2.944 
2.930 
2.952 

1 f  I 
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Table El5 (Cknt’d) 
FS4W-2B Forward Field Joint Insulation Wuation 

- 
Hotor No.: FS4W-2B 

- 
Date: 11 Decenbr 1988 Time: 11:N a.m. 

Inspector(s): Scott Ham, Steve Hicken 

Rev A 

- 
correspordirlg Comnent Nunber ;t 

TWR- 17 54 1 V O l .  I11 
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Edge 
Separation 

1 

2 

3 

4 

5 

6 

7 

a 

9 

10 

11 

Center Ci rcunfm t id Maxinun Axial Growth Frcnn 
Desree Width (in.) Depth (in.) Prefire ulrepai~-ed 
htim W i  tion 

8 8 O  0.50 0.20 0.12 - 
- 

- 

- 

- 
- 

- 
- 



Table E16 
RSU4-B Aft Segnmt Internal Insulatian Evaluation 

Motor No.: RSH-2B I bte: 12 ~ecember 1988 I Time: 1O:OO a.m. 

Inspector(s): Scott knz, Steve Hicken 

Insulated cylinder Region 

A. Blisters Visible? 
B. Discolorations or Repairs Visible? 
C. Separations or Delaminations? 
D. Excessive EnxiCn at Factory Joints? 

F. Liner present? 
E. Tears, Gouges, (Xlts? X 

AftDomeRegiCn 

Yes 
Yes 
Yes 
Yes 
Yes 
Yes 

Yes 
Yes 

x n o  
x n o  
x n o  
x n o  2 

no 1 - 
x n o  

x n o  
x n o  

~ NotedCarments: 

i 1. Cut near 180°, fmn debris at impact. 

~ 

2. Several ply overlap visible an aft dane factory joint - no adverse effect. 
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Table B-17 
RSRM-2B Aft Segment NBR Inhibitor Tear Evaluation 

Motor No.: RSkEI-2A Date: 11 December 1988 Time:. 11:30 a.m. 

8. Tears exhibiting charring or erosion (INSER)? yes X no 
X no C. Circumferential tears (TEARS)? - Yes - 

Measurement Sketch Tears Here 
Definitions 

lnhibitor Tears > 3 in, Lonp 
.Measurements "A & 6 taken as shown above. 

Comments (Charrina. etc.1 

Notes I Comments 

X no Ccmment sheet(s) attached? - Yes - 
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Table E18 
RS4tbi-D Aft Segment NIB Inhibitor Height Evaluation 

Motor No.: RSW2B Date: 11 December 1988 Time: ll:30 a.m. 

Segnmt: 0 F o d C e n t e r  [xl Aft 

NIB Inhibitor Description 

A. Delaminations or Separations? J = -  x n o  

B. Unusual h i m  (Other than Tears)? x J = -  m 1 

NBR Inhibitor MBasurements 

Radial msasurements fran the I.D. of the inner clevis leg. 

Degree Location Radial Distance 

0' 
30' 
60' 
9oo 
120° 
m0 

6.0 in. 
3.5 in. 
7.5 in. 
7.5 in. 
7.5 h. 
8.0 in. 

Max. inhibitor ki&t = 8.75 in. at 244' 
Min. inhibitor height = 3.5 in. at 30' 

Degree Location 

180° 
210' 
240° 
270' 
300' 
330' 

Radial Distance 

8.0 in. 
6.75 in. 
5.5 in. 
5.0 in. 
8.0 in. 
4.5 in. 

Notes/Carments: 

1. Iheven inhibitor erasicn with extend- areras, as sketched in Figure 6. 
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Table B-19 
RsRM-2B Aft Center Segment Internal Insulatim Evdluatim 

Motor No.: RSfU4-2B I Time: 1:45 p.m. 
I 1 - 

Inspector(s): Scott Maw, Steve Hicken 

Comnent 
NunberS Insulated cylinder Regia 

A. Blisters Visible? x n o  
B. Discolorations or Repairs Visible? J = -  x n o  
C. Separations or Delaminations? J = -  x n o  
D. Excessive Erasim at Factory Joints? J = -  x n o  1 

y e s -  x n o  2 E. Tears, Goyges, Cuts? - 
F. Liner present? x J = -  no 

1. V a c w n  bag wrinkles are evident m of factory joint. No excessive erosicn or dverse 
effect. 

2. Scratches fran debris at inpact are visible, no measurable depth. 
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Table B-20 
RSRM-2B Aft Center Segment NBR I n h i b i t o r  Tear Evaluation 

Motor No.: RSRM-2B 1 Date: 11 December 1988 ITime:. 12:45 p.m. 

Side: 0 Left (A) Right (B) 
Inspactor(s): Sco t t  Manz, Steve Hicken 

Segment: 0 Forward Canter (852) 

ptER Inhibitor besc rh t ioq  Comment 
Number 

Aft Center (1 172) c] Aft (1492) I Component: Insulation 

A. Number of radial tears greater than 3 In. long (TEARS)? 2 

B. Tears exhibiting charring or erosion (INSER)? yes X no 

C. Circumferential tears (TEARS)? - Yes ,-~ no X 

Measurement Sketch Tears Here 
Definitions 

Clevis I.D. 

Jnhibitor Tears > 3 in. Lonp 
.Measurements "A & B' taken as shown above. 

Pearee Locat ion weas. A Meas. Comments (Charr ina. etc.1 W W  N 8" 

216" 9.0 i n .  * 4.5 i n .  
336"-332" 9.0 i n .  5.0 i n .  

Notes I Comments 

X no Comment sheet($) attached? - Yes - 

c 
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Table E21 
RsRM-2B Aft Center Segment NIB Inhibitor Height Evaluation 

Motor No.: RSRM-2B hte: 11 December 1988 Time: l2:W p.m. 

NBR Inhibitor DescriDtion 

A. Delaminations or Separatim? y e s -  x m  

B. ulusllal Erosion (Other than T~BTs)? y e s -  x m  

NBTI Inhibitor Measurements 

Radial measurements fran the I.D. of the inner clevis leg. 

Degree Location Radial Distance 

0' 
30' 
60' 
90' 
120° 
150' 

12.5 in. 
13.5 in. 
13.0 in. 
15.0 in. 
15.25 in. 
14.25 in. 

k. inhibitor height = 15.25 in. at 120' 
Min. inhibitor height = 11.5 in. at 3ooo 

Degree rocation 

180' 
210' 
240' 
270' 
300' 
330' 

Radial Distance 

13.5 in. 
14.5 in. 
14.5 in. 
12.5 in. 
11.5 in. 
12.0 in. 
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Table E22 
RSRM-2B Aft Center Sqmmt Stress Relief Flap Evaluation 

- 
Motor No.: IISR4-B M e :  11 Decmber 1988 T h :  1l:Y) a.m. 

segment: 0 Forward 0 ForwardCenter Aft Center 

!?!&?@E 

A. Gouges:, Outs, Tears? 
B. Pocketirg? 
C. Missirghterial? 
D. Heat Affected CF/EtDl or NER? 
E. ErodedCF/EHlMorNER? 
F. Bulb Separaticns, Voids, Delaminatim? 

X 
X 
X 

yes 
yes 
yes 
yes 
yes 
yes 

X 
X 

X 

no 
no 
no 
no 
no 
no 

1 
2 
2 

Flap t4msuamts 
Measurements frun the t i p  of the tang to the a f t  edge of the flap. 

kgree Location 
00 

9oo 
180° 
270' 

Axial Distance 
14.5 in. 
14.5 in. 
14.5 in. 
14.5 in. 

Tear Meafllrements 
Meesurement ''A" taken frun the J-leg t ip  to the a f t  edge of the flap. 
Measurement 'W taken frun the aft edge of the flap to the forward edge of the tear. 

Degree Location Measurement "A" Measurement 1 W  Garments (Ckrring, etc.) 
No Tears 

1. Flap is missb f u l l  circmference. 

2. CF/EtDl is eroded away ful l  circunference. "he NEp( undernerath i t  is heat affected and slightly 
eroded. 
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Table E23 
R3RM-2B Forward Mter  Segmt Intendl Insulation Evaluation 

Motor No.: R3RM-B 

Inspector(s): Scott h, Steve Hicken 

Insulated cylinder Region 
Carment 
NUlIberS 

A. Blisters Visible? y e s -  x m  
B. Discolorations or Repairs Visible? y= - 
C. Separatim or Jkldnations? y e s -  x n o  
D. Excessive h i o n  at Factory Joints? y e s -  x m  1 
E. Tears, Goyges, Outs? x y e s -  m 2 
F. Liner present? X F -  m 3 

x m  

No tes/Carmen ts : 

1. No vacuun beg wrinkles evident. 

2. Debris damage near Bo, mimr cuts that happed at splasMm. 

3. spotty liner pattern. Fairly m i s t e n t  liner forward of factory joint. 
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Table B-24  
RSRM-2B Forwad Center Segment NBR Inhibitor Tear Evaluation 

Motor NO.: RSi J f -2B  Date: 11 December 1988 Time:- 3 : 4 5  p.m. 

InSPaCtOr(s): Scott Manz, Steve Hicken 

Segment: Forward Center (852) 0 Aft Center (1 172) 0 Aft (1492) I Component: Insulation 

rJBR Inhibitor Desc rbtioq Comment 
Number 

A. Number of radial tears greater than 3 In. long (TEARS)? 6 

6. Tears exhibiting charring or erosion (INSER)? yes X no 
X no C. Clrcumferentiai tears (TEARS)? - Yes - 

Measurement Sketch Tears Here 
Definitions 

Meas. A Meas. Comments (C harrina. etc.1 u u  u pn 
164" 19.5 in. . 5.5 in. 
142" 1 8 . 0  in. 4.0 in. 
110" 1 1 . 0  in. 14.5 in. 

68" 18 .5  in. 5.5  in. 
40" 1 7 . 0  in. 5.5  in. 

342 O 18.5 in. 4.5  in. 

bhibitor Tears > 3 In. Long 
.Measurements "A & 6" taken as shown above. 

Dearee Laca tioq 

Notes I Comments 

r 

.64" 

X no - Yes - Comment sheet(s) attached? 
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Table 525 
RSEU4-D Forward Center W t  NIB Inhibitor Height Evaluation 

Motor No.: RSR4-B Date: 11 December 1988 Time: 3:40 p.m. 

Inspector(s): Scott planz, Steve Hicken, Qry Ralston 

mt: FodC e n t e r  0 Aft Center 

Mt Inhibitor Description 

A. Delaminations or Separations? y e s -  x n o  

B. IJrnmd Erosion (Other than Tears)? y e s -  x n o  

= Inhibitor Measurements 
Radial meaSWements fm the I.D. of tk inner clevis leg. 

Degree Location Radial Distance 

00 
300 
6oo 
9oo 
1200 
Eoo 

25.5 in. 
24.5 in. 
27.75 in. 
25.5 in. 
24.5 in. 
27.0 in. 

Max. inhibitor height = 27.5 in. at 6 O  

Min. inhibitor height = 21.5 in. at 240' 

Degree Locatian 

180° 
2100 
240O 
270° 
m0 
330° 

Mid Distance 

25.0 in. 
25.25 in. 
21.5 in. 
24.5 in. 
23.0 in. 
25.0 in. 
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Table E26 
RSWB Forward Center S q m t  Stress Rdief Flap hraluation 

segment: 0 Forward a ForwardCenter 0 Aft Center 

Motor No.: RsRM-2B 

Canponent: Insulatim 

I ~ i m e :  LOO p.m. 

A. m, Cuts, Tears? 
B. Pocketing? 

D. Heat Affected CF- or NER? 
E. WedCF/EpCEIorNBR? 
F. Bulb Separatim, Voids, Delaminations? 

c. MissingMateL-ial? 

y e s -  x n o  
x n o  

X 
X 
X - 

X 

no 
no 
no 
no 

1 
2 
2 

Flap Measurements 
Measurements fran the tip of the targ to the aft edge of the flap. 

Degree Location 
0' 
90' 
180° 
270° 

Axial Mstance 
11.25 in. 
10.25 in. 
9.25 in. 
9.0 in. 

Min. Flap = 13 in. missing at 12" 
Max. Flap = 6.5 in. missing at 310' 

Tear Measurements 
Measurenent "A" t & B I  from the J-1- tip to the aft Of the flap. 
Measurement 'W taken fmn the aft edge of the flap to the forward edge of the tear. 

Degree h t i o n  Measurement '(A1' Measurement 'IBVt Camrents (charring, etc.) 
No Tears 

Notes/Comnents: 

1. Flaperodedasshowninmeasurementsabove. 

2. CFAPIM extends to the pressurization gap fu l l  circunference, heat affected and slightly eroded. 
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Table E27 
R S M - 3  Forward segment Internal Insulation Evaluation 

~ 

Motor No.: EiDl-2 kte: 12 December 1988 Time: 2:l5 p.m. 

A. Blisters Visible? 
B. Discolorations or Repairs Visible? 
C. Seperations or Delaminations? 
D. Excessive Erosion at Factory Joints? 
E. Tears, Guuges, CWs? 
F. Liner present? 

Forward Ibme Region 

A. Blisters Visible? 
B. Discolorations: or Repairs Visible? 
C. Separtians or DeLaminatians? 
D. Tears, Goqp,  (Xlts? 

x m  - y e s  - 

yes 
yes 
yes 
Yes 

X 
X 
X 
X 

m 
m 
m 
no 

No tes/Carmen ts : 

1. No castable inhibitor was rmdning. 
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Table &28 
RSRM-2B Forward Sqpnt  Stress Relief Flap Evaluation 

Motor No.: RSR4-m hte :  11 Jkember 1968 Time: 4:OO p.m. 

Inspector(s): Scott Manz, Steve Hicken 

segment: Forward 0 ForwardCenter 0 Aft Center 

A. Guqes, fits, Tears? 
B. Pocketing? 
C. Missingkterial? 
D. Heat Affected CF/EPU4 or NER? 
E. ErodedCF/EPDlorNER? 
F. Bulb Separations, Voids, DeLaminatiaw? 

yes 
yes 

x y e s  
x y e s  
x y e s  

yes 

x n o  
x n o  

no 
no 
no 

x n o  

2 
1 
2 

Flap Measurements 
Measurements fran the t i p  of the tang to the aft edge of the flap. 

Degree LDcation Axial Distance 
O0 

180° 
270° 3.0 in. Full flap 1-h 

- 3.75 in. 

- 3.75 in. 

Appmx. 0.75 in. flap eroded, cannot be meesured mnmlly 

Appmx. 0.75 in. flap eroded away, s t i m  up 
9oo 3.0 in. Flap f u l l  length, sticking aut fran case 

Tear Measurements 
Measurement llAIA" taken fran the J-len t i p  to the aft edne of the flap. 
Measurement 'W taken fran the aft -&-of the flap to-the forward edge of the tear. 

k q p e  LDcatial Measurement "A" Measvemen t "B" Garments (Charring, etc.) 

110°-1800-2040 
1100 - 1360 

1 1 8 O  Not possible 12.0 in. Flap scalloped, deepes tmeasurement 
Heat affected and scalloped with more erosion, wavy flap 
Swere heat effect and scallopb, not really tom but very wavy. 

- - 

1. Flap is very heat affected and quite wavy frum 330° - Oo - 60° and 100° - 180° - 220°. 
severely heat affected, can not be pressed dawn to measure the flap frun the tw end. 
under flap a390 heat affected. Most severe lloo - 180° - 204O. 

Flap is 
NER 

2. Flap is eroded sanewhat frun l l O o  - 180° - 2 0 4 O .  Most severe erosion l l O o  - Bo, appm. % 
flap lergth is eroded. 

Sketch: Flap lloo - 180° - m0 

Rev A TWR- 1 7 54 1 VOl. I11 
Page 229 



Table E29 
RS4M-B Aft Dane Factory Joint Internal Insulation Ehluation 

Motor No.: RS4M-B 

- 
Motor No.: IGR4-B I Date: 31 January 1969 I Time: O900 

Date: 31 January 1969 Tim: 1245 

Inspector(s): Jim Passnan 

1. Gaspaths? 
2. Soot? 
3. Heat Affected Material? 

A. Targ 
B. Clevis 

4. Foreign Material? 

6. ulbonds? 
7. Teflon Tape Cadition (‘kg) 

5.  Ply sepatials? 

yes 
yes 

yes 
yes 
yes 
yes 
yes 
yes 

Ccmnent 
ElunberS 

x m  
x m  - 
x m  
x m  
x m  

x m  

- 
- 
- 

m 1 

m 2 

- 
- 

1. several insulation to insulation ply separaticns were present on the tang side insulation. They 
were intermittent full circunfmce; the lllEudmm condition was at l88O 0.40 in. outboard of 

insulation, 1.25 in. circ, 0.20 in. open radially. 

2. Teflon tape was in place and intact. 

3. Flashhg was present intermittently f u l l  circunfermce on the inner clevis leg tip. 

Table B-30 
RsRM-2B Aft Sqmmt Stiffener to Stiffener Factory Joint Internal Insulation Evaluation 

1. Gaspaths? 
2. Soot? 
3. Heat Affected Material? 

A. T q  
B. Clevis 

4. Foreign Material? 

6. ulbands? 
7. Teflm Tape Condition (Tq) 

5. Ply Separatiarrs? 

Garment 
Nunbers 

x m  
x m  
- 
- 
x m  
X m  
- 

1. Tefh tape was in place and intact. 

2. Minimal amant of w. 
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Table E31 
RSW2B Aft Sgwnt ET Attach to Stiffener Factory Joint Intemal Insulation Ehluation 

Motor No.: RSW2B ilate: 6 April 1969 

~ ~~ 

Motor No.: RsRH-2B 

Time: 2220 

1 hte: 31 January 1989 1 Time: 1445 
I I 

Inspector(s): Jim passllen 

1. Gaspath? 
2. Soot? 
3. Heat Affected Material? 

A. Tang 
B. Clevis 

4. Foreign Material? 

6. ulbands? 
7. Teflon Tape Cadition (Tang) 

5. Ply Separations? 

x n o  
x n o  
x n o  

- 
- 

no 1 - 
x n o  - 

no - 

1. One insulation to insulation ply separation was present at 130O; 1 in. outboard fran renrainirg 
insulation mterial on the tatg side, 1.25 in. circ., 0.10 in. open radial. 

2. Teflon tape in place and intact. 

3. Moisture within joint on primary &ring. Appears to be inhibited water frun disassembly 
process. 

Table E32 
RSM-2B Aft Center Segment Factory Joint Jntemal Insulation Evaluation 

1. Gaspath? 
2. Soot? 
3. Heat Affected Material? 

A* Tarrg 
B. Clevis 

4 .  Foreign Material? 

6. Unbds? 
7. Teflon Tape Cadition (Tang) 

5. Ply Separations? 

I I 

Notes/Carments: 

1. No insulatian flashim on inner clevis l a  tip. Intermittent spots of chemldr 233. 
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Table E33 
RSR4-2B Forward Center %?pent Factory Joint h t d  Insulation Ehluation 

Motor No.: RSR4-B 1 bte: 23 May 1W9 

~ ~ 

Motor No.: R3bl-D 

Time: 1300 

I Time: 2015 
I I 

Inspector(s): Scott Mam 

1. Gaspaths? 
2. Soot? 
3. Heat Affected k t e r i a l ?  

A. Tang 
B. C l e v i s  

4. Foreign Material? 
5. Ply Separations? 
6. Unbads? 
7. Teflon Tape Condition (Tang) 

x n o  
x n o  
- 
- 

x n o  
x n o  
x n o  

- 
- 
- 

no - 
NotedCarmen ts : 

1. Nomil. insulation f h h i n g  on inner clevis 1% tip. 

2. Heavy rust uder hatband - wrst at 180° and 270O. 

Table E34 
RSR4-B Forward %?pent Cylinder to Cylinder Factory Joint Internal Insulation Evdluation 

Impector(s): Kevin Albrechtsen 

1. Gaspaths? 
2. Soot? 
3. Heat Affected Material? 

A. T w  
B. Clevis 

4. ForeignMaterM? 
5. Ply Separatitns? 
6. Unbands? 
7. Teflon Tape Caditian (Tang) 

y e s -  x n o  x Y= no 
- 

1 

1. Teflon tape was visible for the full c i r cunfmce  an the tang. It was in one piece and not 
damage. 'Iherewas aslipfit amcunt of NRflashirg in this region and on top of the inner clevis 
1%. 
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Motor No.: RSRM-B hte: 23 May 1989 

No tes/Carmen ts : 

Time: 0730 

1. Teflon tape was visible intermittently full circunfmce on the targ end. It was in one piece 
and not dam& durirg d i d l y .  'Ihere was intermittent fbshing up to the pritmry 0-rirg. 

I 
I 

I 
I 
I 

1 

Rev A 

Inspector(s): Kevin Albrechtsen 

Comnent 
M l t U 3 S  

x n o  1. Gaspaths? - y e s  - 
x n o  2. soot? --yes - 

3. Heat Affected bterial? 
x n o  A. Targ - y e s -  
x n o  - y e s  - 
x n o  4. Foreign Material? - y e s  - 
x n o  5. Ply Separaticns? - - 

6. IhM? y e s -  x n o  
7. Teflon Tape Cadition (T-) x y e s  - 

B. Clevis 

no 1 
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107496-02 

1074 80-0 2 

PHOTOGRAPHS SORTED BY: 
SEGMENT, P H O  CODE, JOINT, SEGMEEPP END, NEGATIVE W 

FOR RSRM-2B 

5-Jul-1989 
Page 1 

NE0 PHOTO 1 NUMBER CODE SEGMENT - JOINT 
SEGMENT 
END 

DEG 
LOC COMMENT 

FXD HOUSING 

107489-10 00 

00 

00 

00 

00 

33 

32 

31 

26 

25 

24 

23 

22 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

FXD HOUSING NOZZLE/WE JNT NOZZLE TO W E  JOINT TYPIW 
CONDITION 

NOZZLE OVERALL EXTERIOR 0 DEG 

NOZZLE OVERALL EXTERIOR 90 DEG 

NOZZLE OVERALL EXTERIOR 180 DE(; 

NOZZLE OVERALL EXTERIOR 270 DEG 

0 

90 

180 

2 70 

1 107492-01 

107492-02 

FXD HOUSING NOZZLE/CASE JNT 

FXD HOUSING NOZZLE/ChSE JNT 

FXD HOUSING NOZZLE/CASE JNT 

FXD HOUSING NOZZLE/CASE J" 

107492-03 

107492-04 

AFT SEG 

NOZZLE/CASE JNT 

NOZZLE/CASE JNT 

NOZZLE/U\SE JNT 

UNK" 

AFT FIELD JNT 

240-0 

120-240 

0-120 

360 

2 4 0-0 

NOZZLE BOSS 

NOZZLE BOSS 

NOZZLE BOSS 

AFT DOME REGION 

CLEVIS, NBR INHIBITOR, AND CYLINDER 
REGION 

AFT SEG 

AFT SEG 

AFT SEG 

AFT SEG 

AFT SEG 

AFT DOME 

CLEVIS 

AFT SEG AFT FIELD JNT CLEVIS 120-240 CLEVIS, NBR INHIBITOR, AND CYLTNDER 
REGION 

CLEVIS, NBR INHIBITOR, AND CYLINDER 
REGION 

INTERNAL INSULATION, NBR INHIBITOR, 
AND CLEVIS 

107486-03 

107486-02 

107486-01 

107496-01 

'107489-11 

APT SEG AFT FIEW JNT CLEVIS 0-120 

AFT SEG AFT FIELD JNT CLEVIS 360 

AFT SEG 

AFT SEG 

360 NOZZLE BOSS OVERALL 

AFT DOME NOZZLE TO CASE JOINT TYPICAL JOINT 
CONDITION 

TANG AND CLEVIS INSUALTION 

TANG AND CLEVIS INSUALTION 

TANG AND CLEVIS INSUALTION 

TANG AND CLEVIS INSUALTION 

108 71 8-0 1 

108718-02 

)108718-03 

I 
1108718-04 

108720-01 

io":;;:::: 
108719-01 

108719-02 
I 
108719-03 

109964-05 

109964-06 

109964-07 

AFT SEG 

APT SEG 

AFT SEG 

AFT SEG 

AFT SEG 

AFT SEG 

APP SEG 

ATT SEG 

AFT SEQ 

AFT SEG 

AFT SEG 

AFT SEG 

APT SEG 

AFT DOME FACT JNT 

AFT DOME FACT JNT 

AFT DOME FACT JNT 

AFT DOME FACT JKC 

STIPF/STIFF FACT JNT 

STIFF/STIFF FACT JwT 

STIFF/STIFF FACT 

ET A'ITACH/STIFF FACT JNT 

ET ATTACH/STIFF FACT JNT 

ET ATl'ACH/STIFF FACT JNT 

AFT CTR FACT JNT 

AFT CTR FACT JNT 

AFT CTR FACT JNT 

BOTH 

BOTH 

BOTH 

BOTH 

BOTH 

BOTH 

BOTH 

BOTH 

BOTH 

BOTH 

BOTH 

BOTH 

BOTH 

240-120 

120-0 

120-0 

0-240 

240-120 

240-0 

0-120 

240-120 

0-240 

120-0 

240 

0 

120 

TANG AND CLEVIS INSUALTION 

TANG AND CLEVIS INSUALTION 

TANG AND CLEVIS INSUALTION 

TANG AND CLEVIS INSUALTION 

TANG AND CLEVIS INSUALTION 

TANG AND CLEVIS INSUALTION 

TANG AND CLEVIS INSUALTION 

TANG AND CLEVIS INSUALTION 

TANG AND CLEVIS INSUALTION 

i AFT CTR SEG 

107485-12 21 

07485-11 20 

AFT Cl'R SEG AFT FIEW JNT 

AFT Cla SEG AFT FIELD JNT 

TANG 240-0 FLAP, CYLINDER REGION, AND TANG 

TANG 120-240 FLAP, CYLINDER REGION, AND TANG 
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PHOTOGRAPHS SORTED BY: 
SEGMENT, PHOTO CODE, JOINT, SEGMENT END, NEGATIVE # 

FOR RSPM-28 

5-JUl-1989 
Page 2 

NEG 
NVMBER 

10 748 5-1 0 

1074 8 5-09 

107485-08 

PHOTO 
CODE 

19 

18 

17 

16 

15 

14 

SEGMENT 
END 

TANG 

TANG 

DEG 
LOC 

0-120 

360 

240-0 

COMMENT 

FLAP, CYLINDER REGION, AND TANG 

FLAP. CYLINDER REGION, AND TANG 

CLEVIS, NBR INHIBITOR, AND CYLINDER 
REGION 

CLEVIS, NBR INHIBITOR, AND CYLINDER 
REGION 

CLEVIS, NBR INHIBITOR, AND CYLINDER 
REGION 

SEGMENT 

AFT CTR SEG 

AFT CTR SEG 

AFT CTR SEG 

JOINT - 
AFT FIELD JNT 

AFT FIELD JNT 

CTR FIELD JNT CLEVIS 

10 74 8 5-07 AFT CPR SEG CTR FIELD JNT CLEVIS 120-240 

0-120 , 107485-06 

1 107485-05 

AFT CTR SEG CTR FIELD JNT CLEVIS 

AFT CTR SEG CI'R FIELD JNT CLEVIS 360 INTERNAL INSULATION, NBR INHIBITOR, 
AND CLEVIS 

1 PWD CI'R SEG 

107485-04 

~ 107485-03 i 107485-02 
107485-01 

107484-05 

107484-04 

107484-03 

107484-02 

107479-08 

107479-09 

110391-03 

110391-04 

13 

12 

11 

10 

09 

08 

07 

06 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

05 

04 

03 

02 

01 

TANG 

TANG 

TANG 

TANG 

CLEVIS 

CLEVIS 

CLEVIS 

CLEVIS 

TANG 

TANG 

BOTH 

BOTH 

BOTH 

N/A 

N/A 

N/A 

N/A 

W A  

TANG 

TANG 

TANG 

TANG 

PWD DOME 

240-0 

120-240 

0-120 

360 

240-0 

120-240 

0-120 

360 

99-103 

99-103 

0-120 

240-0 

120-2 4 0 

280 

280 

280 

280 

280 

240-0 

120-240 

0-120 

360 

360 

FLAP, CYLINDER REGION, AND TANG 

FLAP, CYLINDER REGION, AND TANG 

FLAP, CYLINDER REGION, AND TANG 

FLAP, CYLINDER REGION, AND TANG 

CLEVIS, NBR INHIBITOR, AND CYLINDER 
REGION 

CLEVIS, NBR INHIBITOR, AND CYLINDER 
REGION 

CLEVIS, NBR INHIBITOR, AND CYLINDER 
REGION 

INTERNAL INSULATION, NBR INHIBTOR, 
AND CLEVIS 

CENTER FIELD JOINT J-LEG SOOT 99-103 
DEG (BEFORE CLEANING) 

CENTER FIELD JOINT J-LEG SOOT 99-103 
DEG (AFTER CLEANING) 

PWD CTR SEG 

FWD CPR s w  

PWD CTR SEG 

PWD CI'R SEG 

PWD CTR SEG 

CPR FIELD JNT 

CTR rIELD JNT 

CTR FIELD JNT 

CTR FIELD JNT 

PWD FIELD JNT 

PWD CTR SEG PWD FIELD JNT 

PWD CTR SEG PWD FIELD JNT 

PWD CTR SEG PWD FIELD JNT 

PWD CTR SEG CTR FIELD JNT 

IWD CTR SEG CTR FIELD JNT 

PWD CTR SEG 

FWD CTR SEG 

rwD CTR SEG 

IWD CTR SEG 

PWD CTR SEG 

PWD CTR SEG 

PWD CTR sffi 

IWD CTR SEG 

PWD CTR FACT JNT 

PWD Cl'R FACT J N T  

PWD CTR FACT JWT 

PWD CTR FACT JWl' 

PWD CTR FACT J" 

PWD CI'R FACT JNT 

PWD CTR FACT JNT 

PWD CPR FACT JWl' 

110391-05 

107488-04 

107488-05 

107488-06 

107488-07 

107488-08 

WEATHERSEAL REmlVAL 280 DEG 

WEATHERSEAL REMOVAL 280 DEG 

WEATHERSEAL REMOVAL 280 DEG 

WEATHERSEAL REKIVAL 280 DEG 

WEATHERSEAL REmlVAL 280 DEG 

PWD SEG 

107484-09 

107484-08 

~107484-07 

I 
107484-06 

1107484-01 

IWD SEG 

PWD SEG 

FWD SEG 

PWD SEG 

PWD SEG 

FWD FIELD JNT 

PWD FIELD JNT 

PWD FIELD JNT 

PWD FIELD JIW 

u" 

FLAP, CYLINDER REGION, AND TANG 

FLAP, CYLINDER REGION, AND TANG 

FLAP, CYLINDER REGION, AND TANG 

INTERNAL INSULATION AND TANG 

FORWARD DOME AND CYLINDER REGION 
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NEG 
lPUMBER 

110908-01 

110908-02 

11 0 9 0 8-0 3 

110908-04 

110908-05 

110908-06 

110908-07 

110929-01 

110929-02 

110929-03 

10 74 77-01 

107477-02 

07477-03 

07477-04 

PHOM 
CODE 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

***END OF REPORT*** 

Rev A 

SEGMENT 

IWD SEG 

m SEG 

IWD SEG 

IWD SEG 

M SEG 

IWD SEG 

IWD SEG 

PWD SEG 

PWD SEG 

PWD SEG 

PWD SEG 

PWD SEG 

PWD SEG 

PWD SEG 

PHOTOGRAPHS SORTED BY: 
SEGMENT, PHOTO CODE, JOINT, SEGMENT END, NEGATIVE # 

FOR RSRM-2B 

JOINT . 
FWD CYL/CYL FACT JNT 

?WD CYL/CYL FACT JNT 

PWD CYL/CYL FACT JNT 

PWD CYL/CYL FACT JNT 

FWD CYL/CYL PACT JNT 

PWD CYL/CYL FACT JNT 

PWD CYL/CYL FA& JNT 

PWD DOME FACT JNT 

PWD DOME FACT JNT 

PWD DOME FACT JNT 

IGNITER/CASE JNT 

IGNITER/WE JNT 

IGNITER/CASE JNT 

IGNITER/CASE JNT 

SEGMENT 
END 

BOTH 

BOTH 

BOTH 

BOTH 

CLEVIS 

CLEVIS 

TANG 

BOTH 120-240 

BOTH 240-0 

BOTH 0-120 

PWD DOME 0-360 

PWD DOME 0-360 

m DOME 0-360 

PWD DOME 250 

DEG 
w c  

0-120 

120-240 

240-0 

240-0 

5-Jul-1989 
Page 3 

COMMENT 

TYPICAL CLEVIS 

RUST IN CLEVIS ROOT 

TYPICAL TANG 

FORWARD DOME BOSS IGNITER OVERALL 

FORWARD DOME BOSS IGNITER OVEPALL 

FORWARD DOME BOSS IGNITER OVERALL 

FORWARD DOME BOSS IGNITER BLOW HOLE 
250 DEG (CLOSE-UP) 
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